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= Broadbent’s Foundries at Huddersfield. 


The Iron and Steel Foundries in connection with the 
Central Ironworks of Messrs. Thomas Broadbent and 
Sons, Limited, Huddersfield, occupy a complete block 
of buildings on the opposite side of the street to the 
Main Works. The buildings comprise tive bays with 
glazed roofs and cover a floor space of about 45,000 
sq. ft. In the first bay, 230 ft. x 18 ft. 6 in., are the 


ironfoundry core-making and sand-mixing departments. 
An Ingersoll-Rand motor-driven compressor is housed 
in this bay, wh:ch supplies air for operating the whole 
of the pneumatic tools used throughout the foundries. 
Company’s 


The bay also contains the Power sub- 


station. 


outside; they are served by bogies, travelling on a 
broad-gauge track, which are drawn into and out of 
the ‘stoves by means of an electric capstan of the 
firm’s standard design, placed in a mid position, and 
from which the operating rope is carried round a guide 
roller installed immediately in front of each stove. 
The fettling shop, equipped with the usual complement 
of fettling apparatus, is at one end of the foundry. 
The patterns are kept in an adjacent two-storey 
building, where they are conveniently arranged for 
reference, being numbered and stored in racks. At 
right-angles to this store is another large pattern store, 


as also the light-castings department, this last being 


oso 


Fic. 1.—Ironrounpry Cupora Stace; CENTRAL I[RONWORKS. 


The melting plant consists of two cupolas, each of _ particularly laid out for the production of light elec- 
+ 5 tons per hour capacity, blast being supplied by trical castings. The foundry is served by a Green’s 
2 0 Keith-Blackman fans, carried on brackets at the side emergency cupola. Mould boxes and the like are stored 
0 0 of the cupolas. The charging platform, served by an on the stock ground outside the foundry, and are con- 
o 0 electric hoist of 10 ewts. capacity, is very exceptional veyed to and from the foundry floor on bogies, drawn 
4 : in foundry practice. It extends for a distance of by the capstan which serves the stoves. 
0 0 120 ft. along one side of the foundry, and is covered The steel foundry, the most recent addition to the 
0 0 with a glass roof, except in the immediate vicinity of | premises, is covered by one bay 200 ft. long x 40 ft. 
: ; the cupolas, where asbestos tiles are used. The plat- wide, the roof being patent glazed and fitted with 


form, which is carried on rolled-steel joists supported 
on cast-iron columns, is designed to carry 1,000 tons 
of metal and coke, or a load of 10 cwts. per sq. ft. 
The foundry bay is 240 ft. long x 5 ft. span, a 
lofty well-lighted building whose floor is served by two 
Broadbent electric cranes—one 15-ton and one 5-ton. 
Macdonald moulding machines, bumping machines, and 
wheel-moulding machines are installed. There are four 
large drying stoves independently coke-fired from the 


louvre ventilators, supported on brick piers down each 
side. Two 5-ton overhead electric cranes are installed 

The melting plant consists of a 30-cwt. 2-phase 
electric furnace, by Electro-Metals, Limited. For this 
furnace primary current is delivered at 6,600 volts 
3-phase to the sub-station, and converted by a Scott- 
wound transfermer to 85 volts 2-phase. Alternating 
tappings are provided at 75 and 65 volts respettively. 
Graphite electrodes 2 in. in dia. are used, and these 
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are raised and lowered by hand-controlled motors. The 
tilting gear is also operated electrically. The furnace 
is worked on the basic process, and is capable of 8 
heats of 30 cwts. each per day of 24 hours. In operation 


sulyhur in the steel are reduced to less than 0.02 per 
cent., giving a metal free from flaws and blowholes. 

e raw material stores occupy a building im- 
mediately at the side of the furnace. In this building 


Fic. 3.—Stee, Founpry ; CENTRAL IRONWORKS. 


the metal is first purified by means of an oxidising 
slag, this slag being removed and a highly basic 
finishing slag put in for the final refining and purifica- 
tion of the meta]. By this means the phosphorus and 


metal is stored on the one side, all light scrap, turn- 
ings and the like, being first put through a pan mill. 
On the opposite side of the building the additions are 
stored in brick cubicles, the roofs of which form the 


: Fic. 2.,—Ironrounpry ; CENTRAL IRONWORKS. 


storage ground for bricks. Before passing from the 
stores the charges are weighed on a Pooley platform 
weighing machine. 

The moulding machines are of the Macdonald 
pneumatic type, and each machine is served by a 


Fic. 4.—30-Cwr. 2-PHase Exvecrric FURNACE; 
CENTRAL IRONWORKS. 


pneumatic wall jib crane. The ladles are heated by 
coke blast. 

In the remaining bay of this building are the sand- 
mixing and grinding rooms. The sand mill and mixer, 


supplied by Evans, Manchester, are driven from line 
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underground flues, are capable of being heated to 
1,000 deg. C. in seven hours. The temperatures are 
eal by wall pyrometers placed near the stoves, 
and also on a recording pyrometer in the laboratory. 
These stoves are served by an electric capstan in a 
similar manner to the ironfoundry drying ovens. 
Adjacent to the stoves are three core-drying ovens. 
The stoves and ovens discharge their products of com- 
bustion into one central underground flue leading to 
the stack. Each stove is provided with a damper, ‘and 
is independently fired from the outside, the whole 
forming a battery of five fires in a pit below the yard 
level. The core shop is contained in an annexe 
adjacent to the stoves. 

The steel-foundry fettling shop occupies a side bay, 
and extends the full length of the building. The run- 
ways carry a 2-ton electric crane. There is a Tilghmans 
sand-blast apparatus, a range of swing grinders, emery 
grinders, lathes, band-saw- -sharpening machine, oxy- 
acetylene cutting plants, and a Quasi-Are welding 
plant, for which last a separate generator is provided 
to convert the alternating current to D.C. The pattern 
shop is above the fettling shop, on a reinforced- 
concrete floor designed for a working load of 2 ewt. 
per sq. ft. One side of this floor is taken up with a 
range of modern wood-working machinery, and the 
opposite side fitted with benches. The shop is roofed 
with patent glazing, and is warmed by the Ashwell 
and Nesbit low-pressure hot-water system. 

The laboratory, housed in a separate building, com- 
prises two rooms, the first being fitted with all the 
usual benches and fume chambers, and the second 
used as a balance, microscopic, and ryometric room 
for research work All raw are tested on 
entering, and finished products tested before leaving 
the works, whilst there is a systematic contro] of every 
metallurgical process. The work of the laboratory, 
however, does not end here, for it includes examina- 
tions of refractory materials and foundry sands, the 
corrosion of metals, heat treatment, lubrication, fuels, 


Fic. 5.—PatTern SHop; CENTRAL I[RONWORKS. 


shafting by motor. There is also a sand dryer of 
Messrs. Broadbent’s manufacture. The different grades 
of sand are stored in separate bunkers, each with its 
own door opening on to the yard. Two large anneal- 
ing stoves, built entirely of silica brick and having 


etc. The equipment includes a wall pyrometer for the 
annealing furnaces, a double-thread recording thermo- 
couple pyrometer, and a portable optical pyrometer ; 
there is also included a certain amount of p ysical and 
photo-micrographic apparatus for use in metallurgical 
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examination. By correlating the results of chemical, 
pyrometrical, and micrographical investigat’ons, a 


ermanent record of each batch of material as_ it 
ean the works is obtained. 

The Broadbent automatic centrifugal clutch is em- 
ployed for transmitting the motor drives throughout 
the works. This clutch is as efficient in operation as 


An interesting feature of the stock yard for steel 
sections and heavy castings is a 10-ton Goliath crane 
runuing on a strack the full span of the yard, 300 ft. 
long. This was one of the first cranes of its class built 
by the company, and is still doing good service. 

Another recent addition to the premises is a well- 
equipped canteen, where seating accommodation is 


Fic. 6.—CanTeen Starr Room. 


it is simple in construction. It consists essentially of 
a oman disc which is keyed to the motor spindle, 
and carries with it two or more friction shoes in suit- 
able slides. As the motor accelerates, these shoes move 
outwards by centrifugal force and engage with the 
internal rim of the clutch pulley, which they gradually 
accelerate to full speed and then drive without slip, 


provided for 500 persons. The building has a very 
pleasing elevation, being constructed of stone in two 
spans, with belfast roofs and glazed dormers, and has 
a polished maple floor. The interior is lofty and well 
lighted, and consists of one large room for the work- 
peovle and a separate room for the staff. Communi- 
cating with both these rooms through a series of 


Fic. 7.—CANTEEN KITCHEN. 


though they may be set to commence slipping at any 
desired overload, thus acting as an automatic overload 
device. It will be understood that the clutch not only 
enables the motor to start up unloaded, but it also acts 
as a flexible coupling, absorbing the sudden load or 
shocks which wou!d otherwise be transmitted to the 
motor. The only wearing parts are the faces of the 
shoes, which are easily renewable. 


hatches is a large kitchen, fully equipped with gas- 
cooking apparatus, cooking ovens, pudding steamers, 
hot closets, water boilers. etc.; also a large kitchen 
range with ovens on either side, and hot plates. Down 
one side are the washing-up sinks, slop hopper, and 
pot drainers. Near the kitchen are the larder, stores, 
manageress’s office, etc, and in the basement is a 
keeping cellar and boiler house. The building is 
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warmed by hot-water radiators, and is provided with 
well-appointed lavatories in three sections. 

The welfare of the workers receives a good deal of 
consideration by the firm, and especially by Mr. 
William and Mr. F. J_ Broadbent. A welfare super- 
intendent, whose sole duty is to study the recreation 
and education of the apprentices, is in attendance. 
Every facility is offered to the apprentices for study. 
Tho firm provides, free of cost, any technical books 
which may be required, and a scheme has been adopted 
for the benefit of the apprentices. The general idea 
of the scheme is to provide, by means of prizes and 
higher rates of wages, inducements for apprentices to 
attend classes, keep good time in the works, and to 
excel in workmanship. Senior apprentices are allowed 
one afternoon off each week to attend the technical 
college, the wages and college fees being paid by the 
firm. Medals and certificates are also given to the 
best students of the year, and these boys are promoted 
to more respuusible pesitions. In addition, the com- 
pany offer a special scholarship tenable at the Leeds 


Chamber of Commerce, is Chairman of the Hudders- 
field Branch of the Engineers Employers’ Federation, 
and is also the Representative of the above Federation 
on the West Riding Joint Standing Committee. During 
the war he was Chairman of the Board of Control of 
the Huddersfield National Shell Factory, and was also 
the Employers’ Representative on the Local Military 
Tribunal, besides serving on numerous committees in 
connection with war duties. Associated with the two 
directors mentioned, and sitting with them on the 
board, are Mr. F. J. Broadbent, B.Sc. (London), M.Sc. 
(Bristol), A.M.Inst.C.E., and Mr. A. H. Weir, 
A.M.I.M.E., who are jointly responsible for the 
management of the works. 


CONSTITUTION OF ALUMINIUM AND ITS 
LIGHT ALLOYS.—A writer in the Journal of the 
Franklin Institute, August 1919, states that the tem- 
perature-solubility curves of CuAl, and of Mg,Al, in 


Fic. 8.—CanTEEN Marin Dininc Room; Centrat Ironworks. 


University to the most promising boy, and pay all his 
expenses and wages during his course of study. 

The canteen, described above, forms part of the 
welfare scheme, and contains a gymnasium for the 
young men. The works also run a junior Fraternal! 
Institute and a Musical Society. During the winter 
concerts and dances are held in the large dining room 
of the canteen. Included in the institution are foot- 
ball, tennis, cricket, and swimming clubs, which are 
entirely self-supporting. In connection with the 
Institute is a sick and be.efit club. Attached to the 
works are also a we!l-appointed ambulance room and 
rest room in charge of a fully qualified nurse. 

The products of these works are too well known to 
our readers to need much description. They comprise 
electric overhead travelling cranes, from light quick- 
running varieties to massive ladle cranes, charging 
machines and_ steelwork plant, electric capstans, 
winches, telphers, clutches, and centrifuges for hydro- 
extractors. The continued progress of this firm is due 
to the business abilities of Messrs. William and Horace 
Broadbent, who still continue to direct its business 
pene In local engineering circles Mr. Horace Broad- 
bent occupies a prominent position. For a number 
of years he has been a member of the Huddersfield 


aluminium were determined by the method of anneal- 
ing and microscopic examination. Aluminium dissolves 
about 4.2 per cent. of copper as CuAl, at 525 deg. C., 
and about 12.5 per cent. of magnesium as Mg,Al, at 540 
deg. C. The solubility of both compounds decreases 
with decreasing temperature. At 300 deg. C. alumi- 
nium dissolves only 1 per cent. of copper as CuAl,, 
and slightly less than 5.9 per cent. of magnesium as 
Mg,Al,. The structural identification of the various 
constituents, FeAl,, CuAl,, Mg,Al,, found in alloys 
with magnesium and with copper is described, and a 
constituent is noted in all light aluminium alloys con- 
taining magnesium, which is believed to be Mg, Si. The 
solubility of iron as FeAl, in aluminium is at all tem- 
peratures less than 0.15 per cent. Small amounts of 
silicon up to from 0.12 to 0.20 per cent. are dissolved 
by aluminium at the eutectic temperatures, but are 
reprecipitated upon cooling corresponding to the 
diminished solubility for silicon of aluminium at lower 
temperatures. Silicon in the usual commercial amounts 
is probably present as a compound of iron and silicon 
together with some aluminium. The composition of 
this compound is not known, but it separates out with 
aluminium and FeAl, at an invariant point at 610 
deg. C 
© 
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Electric Steels.* 


By C. G. Carlisle (Sheffield), 
(Slightly Abridged). 
isi t of commendation by the Steelworks in the electric furnace. Such a proceeding would be 
3, it been that it would perfectly natural, seeing that the electric furnace owed 
be of interest to give some consideration to steels made its popularity largely to the war and to the ease with 


Series I. 1.—Analyses. Series VI." 
No. 1. Did Pall after addine Nickel Chrome Heat. 
we, . 17-60 19-40 1. Sample of metal before slagging. 2.30 r.m. . 0-05 | 0-031 | 0-017 
FeO . 10-67 6-17 2. Sample of metal after ialling slag formed. | 0-09 | 0-025 | 0-017 
MnO 10-78 6-23 3.24 P.M. 
CaO 54-60 56-70 3. Sample of metal after adding nickel. 4.17 p.m. 0-07 | 0-030 | 0-013 
MgO : “ 3-35 8-78 4. Sample of metal after adding ferro-silico | 0-07 | 0-029 | 0-020 
co, 1-57 1-33 4.20 p.m. 
c 0-15 nil 5. Sample of metal after adding ierro-chrome. | 0-24 | 0-020 | 0-019 
8 0-09 0-22 4.45 p.m. 
6. Sample of metal after adding ferro-silicon. | 0-28 | 0-014 | 0-021 
4.56 P.m. 
Sznres II. Serres VII. 
Oxide Sieg. Refining Slag. | Refining Slag. Metal. Slag. 
Taken | Refining Sing High Manganese Heat. 
eu Non-talling- | Carbon. Nou-| fully reacted. 8. P. 8. P 
falling. Palling. 
8 5-088 0-084 0-180 1. igs slag too cold | 0-037 | 0-011 305 
£0, - +f Oe 0-36 0-205 0-166 2. Re-limed, re-heated, and re-alagged 0-025 | 0-013 | 0-395 | 0-060 
es oh oat ox 3. Refining slag, after all ferro-manganese | 0-014 | 0-051 | 0-832 | 0-020 
MnO 5-0 6-3 added. Just before teeming. 
Metal and slag not in equilibrium towards the end of the heat there has been 
a reduction of phosphorus in the slag back into the metal, therefore the metal would 
be a difficult one from which to obtain a representative sample. 
Series Sertes VIII. 
Metal. Slag. Metal. 
Sul 
per Cent Sulphide Mickel Chrome Heat. 
1 Sample of | taken when thi fell. 0-035 Not estijmated 
1. Sample of metal before slagging. 1.15 r.m. | 0-030 trace 
2. Sample of metal and slag, just before 0-025 0-36 nil a) >» before adding ferro-chrome. 2.30 r.m. . | 0-023 ” 
adding nickel. 2.0 p.m. a « » after all ferro-chrome had been added. | 0-013 * 
3. Sample of metal and slag, after adding 0-039 0-38 nil 3.15 Pom. 
nickel and chrome. 2.15 p.m. 
4. Sample of metal and slag just before 0-021 0-36 nil 
teeming. 2.50 Pm. In the next series both calcium chloride and calcium silicide have been tried 
in order to find if these reagents were any better extractors of sulphur than the 
usual lime and fluorspar. 
Sertes IX. 
Series IV. Metal 
Metal. Slag. Quality. s. P 
Nickel Heat 
P. . 8. 
16 Ibs. CaCl, added a short while before 
1. Sample uf metal before slag- | 0-04 | 0-035 | 0-023 ... 16 Ibs. 0-022 | 0-028 
ging. 2.58 p.m. 30 Ibs. * » Nickel chrome | 0-015 | 0.023 
2. Sample of metal when slag | 0-11 | 0-022 | 0-021 | 0-42 | 0-29 | 0-042 15 Ibs. - »  Sslagged twice - 0-009 | 0-012 
fell. 3.46 Pm 15 Ibs. CaSi added a short while before 
3. 8 le of metal, good falli 0-06 | 0-024 | 0-022 |0-61 0-64 tappin ” 9-024 | 0-009 
3.53 15 ” »  Slagged twice | 0-014 
4. Sample of metal after adding | 0-06 | 0-021 | 0-023 | 0-15 | 0-78 | 0:010 10 Ibs. ” » Slagged twice » 0-014 } 0-011 
nickel, 4.15 p.m 
5. S le of metal afte: ll | 0-07 | 0-024 | 0-023 | 0-10 | 0-24 | O- 
‘rabbling. 4.26 - = : _ Slagging twice has had a greater effect on reduction of sulphur than CaCl, 
or CaS: with only the usual once slagging. 


Sulphur in slag after using CaCl,, 0-65 per cent. 
CaCl, very objections!.ic, due to the liberation of chlorine, which attacks the 
metal electrode holders and collars, also poisoning the sbop air. 


Sextes V Serres X. 
Metal. 
Sulph Phosphot 
Nickel Heat ny Kesult. . Mean Result. 
8. r 
6-Ton Héroult Furnace. Per Cent, Per Cent. 
1 Sample of metal before slagging 2.30 p.m. 0-05 | 0-042 | 0-022 heate and carbon stecls . 0-026 0-019 
2. Sample of metal, refimng slag just forming. | 0-07 | 0-040 | 0-015 » nickel-chromium, V, and carbon steels 0-016 0-017 
3.5 Pom 3- rnace, 
3. Sample of metal, refining slag still further formed. | 0-08 | 0-036 | 0-013 12 heats DR ead one depres 0-025 0-018 
3.8 9 nickel-chromium steels 0-01 “O15 
4. Sample of metal after adding ferro-silicon. | 0-07 | 0-035 | 6-015 | | 99 : ip 
3.20 p.m. » nickel-chromium and carbon steels. 0-013 0-013 
5. Sample of metal after slag began to fall. 3.26 p.m. | 0-09 | 0-032 | 0-021 10 cwt. Greaves Etchell’s Furnace. 
6. Sample of metal, falling slag. 3.42 p.m. é 0-10 | 0-029 | 0-022 15 heats carbon steels . ° Fs P 0-009 0-019 
7. Sample of metal after adding ferrv-silicon. | 0-10! 0-023 | 0-021 25 ~nickel-chromium steels 0-011 0-015 
3.54 PM steels 0-007 0-019 
5. Sample of metal ready for teeming. 4.0 rm. . | | 0-028 | 0-923 43 steels 0-009 


* Read at the Autumn Meeting of the Iron and Steel Institute, Cardiff. 
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which it dealt with immense quantities of turnings, 
rather than to any real conversion on the part of steel 
manufacturers (with some notable exceptions) in their 
opinion as to its merits. 

Viewing this development in its broadest aspect, and 
giving every possible credit to inventors for their per- 
severance in ecting a tool possessed of such tre- 
mendous possibilities, it may be claimed that final 
success would not have been achieved so quickly had 
not: another section of humbler workers, mostly from 
the metallurgical side, taken the furnace under con- 
trol and eliminated the difficulties one by one. If 
success is to be achieved, it depends not only on a 
knowledge of metals and of chemical and physical re- 
actions, but on the moral qualities of the worker, com- 
bined with an alertness of mind capable of observing 
the phenomena associated with success and failure. 
Speaking from experience, the author would claim that 
the making of good electric steel is directly proportion- 
ate to patience rather than to knowledge. 

There has been a surfeit of talk about production as 
a cure-all; no better illustration of the wrong inter- 

retation of this magic word could be found than the 
arcical method of running the electric furnace by the 
clock and specifying beforehand the length of time that 
must be taken per heat. The most amusing experience 
was of the worker who set himself to get a heat cut 
of a 3-ton furnace in four and a quarter hours, and 
became greatly excited if four and a half hours were 
taken, sometimes managing to get it out as the clock 
struck the quarter, to be rewarded, in consequence, 
with spongey ingots. In this connection the author 
cannot refrain from laying much blame on the 
patentees, in their zeal for business, for stressing this 
point of time, nor excuse the gullibility of the buyer 
for thinking that he had bought an automatic machine 
for making steel. The engineer’s specification that in 
effect says that ‘‘ no electric steel need tender,’’ is not 
an indictment of electric steel in itself, but of those 
piant-owners who have shown a lack of appreciation 
of the factors referred to above as necessary for success. 

The history of steel-making during the last thirty 
years could be written in terms of a struggle to keep 
sulphur and phosphorus down. The acid Siemens pro- 
cess was a distinct advance on ‘the Bessemer, and the 
basic processes made a still further step; but the elec- 
tric basic-lined furnace has made it possible to obtain 
steel containing 0.02 per cent. sulphur, and sometimes, 
as in the case of some of the alloy steels, 0.01 per cent. 
or thereabouts. Practically no information is available 
as to the composition of electric furnace slags and the 
accompanying metal, from the point of view of the 
sulphur and phosphorus contained. The series of 
analyses given in Table I. are of samples taken and 
analysed by the author. 

According to Dr. Geilenkirchen, in his Paper on 
“The Removal of Sulphur in the Héroult Process,” 
“The one condition is that the slag must be free from 
metal oxides before sulphur in any considerable degree 
can be transferred from metal to slag; there is less 
chemical work in reducing oxides than sulphides, there- 
fore the one follows the other. To prevent oxidation of 
CaS to CaSO,, which is liable to be thrown back into 
the metal again, it (CaSO,+4Fe=FeS +3FeO + CaO) 
requires a reducing agent. The change of FeS and 
MnS into CaS can only take place in presence of a 
powerful reducing agent, 2CaO +2FeS + 2C=2CaS+Fe, 
+2CO. In the basic Siemens this happens in the re- 
fining process with the reduction of the carbon in the 
metal and then only on the surface near the slag.”’ 


Calcium carbide is claimed by him ag the chief re 


ducing agent :— 
3FeV + CaC, =3Fe+CaO + 200 
2CaO + 3F eS +CaC,=3CaS +3Fe+2Co ... (2) 
When this deoxidation takes place and no more 
oxides are. left in the bath, the sulphur is taken out of 
the bath into the slag. 
The figures obtained and shown in Series II. (Table 
I.) confirm in the main the above contentions. Perhaps 
the most interesting commentary on sulphur and 


hosphorus extraction are provided by the figures in 

eries X. 

Size of furnace evidently has an important effect on 
the elimination of sulphur. This is due mainly to the 
fact that the oxidising slag can be raked off with 

er minuteness in the small size of furnace, but 
it is also due vo a larger slag area in proportion to 
weight of bath. 

Phosphorus cannot be reduced in like degree, due to 
some extent to the greater care needed in adding ore, 
as the cutting action on the banks is slightly greater 
—— to the greater length of slag line per unit weight 
of metal. 

It is for the most part the ability and art of the 
furnaceman in controlling his slags so as to obtain 
liquidity and correct thidkecss over the whole area of 
the bath throughout the charge, and more especially 
during the refining period, that determines whether 
sound metal is produced or not. In no other steel 
process does the slag play such a fatal part, or call for 
such wariness from the furnaceman. Five or ten 
minutes neglect of the slag, and the metal often will 
be converted from sound to unsound material, as it 
becomes uncovered owing to the slag losing fusibility. 
The interplay between current and reagent, and whether 
to increase or reduce the amperage of the first, or 
which of several materials composing a slag to add in 
any contingency arising, become matters of intuition 
on the part of the operator, as well as calling on all 
his resource. What is required is the amount of con- 
fidence to be placed in the final product—the steel 
itself. Brought largely into being during the early 
period of the war, to augment supplies of munition 
steels, the process escaped that close scrutiny of cost 
to which at an earlier period, and in peace, it would 
have been subjected. The touchstone was quality of pro- 
duct; the consideration of price, though not overlooked, 
was of secondary importance. This was the oppor- 
tunity, and the electric furnacemen in a marvellously 
short time were producing, in competition with the 
Siemens furnacemen, the finest steels, suitable fer 
making gun steels, bullet-proof steels, and aeroplane 
steels. Tables II. to V. show some tests of electric 
steels made to Air Board specifications. 


Taste II. 

Cast. Cc. Si. 8. P. Mn. Ni. Cr. 
A42 0.34 0.11 0.014 0.016 0.68 3.50 0.98 
| Maxi- | Yield | Re- 

| Yield. mum per | Elon- duc- | zod 

Tons | stress. cent. gation tion of Brinell im- 

Treat- per Tons Maxi-| per | area pact 
ment. sq. | per mum | cent. per Ft.- 
in. |sq.in. stress. cent. | Ibs. 

| 

T540 57.44 | 64.28 | 89.4 | 18.0 52.4 | 293) 69.0 
T600 55.98 63.14 | 88.6 | 18.5! 51.7) 286 63.7 


Torsion Tests. 


Twisting Calculated 
moment shearing stress. Final twist. 
in in.-lbs. | [Tons per sq. in. | 
Treat- | 
ment. | | Maxi- Maxi- 
Yield. | mum | Yield. | mum | Angle. No. of 
| stress. stress. | twists. 
T540 2184 | 2772] 39.8 50.5 | 346° | 0.96 
T600 | 2016 | 3003 | 36.7 54.5 | 852° | 2.37 
T660 1344 2612 | 24.5 47.5 | 656° ' 1.82 


These tests are given in order to show that the 
electric furnace is capable of making excellent nickel- 
chrome steels. It can further be claimed as a matter 
of past experience that electric nickel-chrome steels, 
during any given period (say several months), and on 


> 
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an equal number of test-pieces and samples for inspec- 
tion, will give a larger percentage of success than 
Siemens steels of the same composition. The torsion 
tests are also particularly interesting. To obtain three 


Taste IIT. 


Cast. C. Si. 8. 2. Mn. WNi. Cr. 
A46 0.42 0.13 0.010 0.012 0.69 3.75 0.89 


Maxi-| Yield Re- 
|Yield. mum per Elon- duc- Izod 
Treat-| Tons stress. cent. gation tion of |Brinell| im- 
ment. | per | Tons Maxi- per area pact 
|sq-in. per mum cent. per Ft.- 
sq.in. stress. cent. Ibs. 


T600 58.27 66.69) 87.4 | 21.5 54.4 | 302] 50.0 
T650 | 55.20 66.32) 83.3 19.0 47.2 | 293 | 54.0 
T600 | 59.03 66.80 88.4 19.0 54.3] 293 | 53.0 
T650 56.22 65.45, 85.9 18.0 48.8 293 | 51.7 


Torsion Tests. 


| Calculated 
Stan-| Twisting shearing 
ton | moment stress. Final twist. 
repeat| in in.-lbs. Tons per 
| im- sq. in. 
Treat- | pact. | 
ment. | No. of | Maxi- | Maxi- | No. of 
| blows.| Yield.| mum Yield.| mum | Angle. twister. 
| stress. | stress. 
| 8862) — | — | — | — | — 
T650 | — 1882 | 2156 | 37.3 | 58.9 | 1050°| 2.92 
T600 — | 2201 | 3091 42.2! 59.2 954°! 2.65 
T650 | 7259 | 2016 | 3041 36.7 | 55.4 886°! 2.46 


revolutions of twist with a tensile of 67 tons denotes 
density and sound material. Compression tests would 
have shown up still more clearly the value of the fore- 
going series. 

e main points of interest in Table VI. are :—(1) 
The high yield point of A46, viz., 120 tons; as high as 
the best results in high-speed steel, but giving a smaller 
amount of set, viz., 0.016 inch against 0.024 inch in 
the latter steel. (The high-speed figures are given 
later.) (2) The load was applied quickly in order to 


records were not taken, but as these dies are still in 
use, it is estimated that 60,000 to 70,000 valves must 
have been stamped in them, with only a few machinings 
to re-surface the die. Slight breakdown of surface 


Taste IV. 
Specifi- 
Cast. cation. C. Si. 8. Mn. Ni. Cr 
A100 K/9 0.30 0.14 0.005 0.014 0.58 3.28 1.34 


Maxi- | Re- 
|Yield.| mum Yield.| Elon-| duc- Izod 
| Tons | stress. Maxi- | gation| tion of|Brinell Im- 
Treat-| per Tons mum) per | area | pact. 
ment. |sq.in.| per stress. cent. | per Ft.- 
sq. in. cent. | Ibs. 
T600 | 60.80) 64.80| 94.0 | 18.5| 54.3) 286 67.7 
T650 | 49.26) 59.22, 83.2 | 22.0 | 60.7 | 269 79.7 
T600 | 63.56 67.76) 93.9 | 16.5 | 54.8 | 311 62.0 


T650 | 50.16) 58.20! 86.2 23.0!) 61.6 262 76.0 


Torsion Tests. 


| Twisting | Calculated | 
moment |shearing stress., Final twist. 
| inin.-lbs. | Tons per sq. in. 

Treat- 

ment. Maxi- | Maxi- 

Yield. | mum | Yield. mum Angle. No. of 
| stress. | stress. | twists. 
| | 

| 


41.0 52.3 | 884 2.46 


T600 | 2251 | 2872 | 

T650 1764 | 2764| 32.1 50.3 | 2.46 
T600 | 2352 | 3100! 42.8 56.5 | 1094° 3.04 
T650 | 1747] 2755 | 31.8 50.2 | 1104° 3.07 


ensues after prolonged use, mostly due to the practice 
of quenching ia water, after stamping, say, two or three 
valves. The compression test results are borne out, 
therefore, by workshop practice, over a long period. 
Another series of compression tests, given in Tables 
VIil., VIII, IX., are interesting from several points 
of view. (1) High-tungsten steels give a high yield 
point and generally avoid breakdown up to 180 to 199 
tons. (2) Salt bath heating, prior to hardening, in- 
creases the power of resistance, giving less set; final 
collapse at 200 tons pressure is also avoided. (3) No 


TaBLe V. 
Mark. Specification. C. Si. 8. P. Mn. Ni. Cr. 
100NC §/18, 8/28 0.27 0.13 0.016 0.015 0.47 3.96 2.07 
| Reduc- 
Yield. Elon- tion Izod Charpy 
Treatment. Yield. | Maxi- Maxi- gation of area | Brinell. impact. impact. 


Heated to 795° C. in gas furnace. Cooled in still 

Heated to 795° C. in salt bath. Cooled instillair .. 90.29 
Heated to 825° C. in gas furnace. Cooled in still air 91.20 


mum mum per per Ft.-lbs. Ft.-lbs. 


stress. stress. cent. cent. 


106.37 86.4 | 11.0 382 | 430 146. 17.23 
| 


|107.96 83.6 | 13.0 34.1 444 14.3 18.55 
| 106.32 85.8 | 12.5 39.2 430 15.3 | 1922 


find out if the steel would resist shock without break- 
down, and to what extent the set would be affected. 
Contrary to expectation, no appreciable difference was 
obtained in the set (only 0.003 inch in A42, 0.001 inch 
in A100), and the samples were free from cracks alto- 
gether, whilst in A42 the Brinell number was equiva- 
lent to that of an engineer’s tap ready for use. 

A practical application of this steel was made over 
two years ago when the demand for high-quality tung- 
sten steel aeroplane exhaust valves was at its maxi- 
mum; stamping dies, made from this nickel-chrome 
steel and used for embossing the valve, were watched 
for a time. A pair of dies, used alternately, stampe:] 
24,000 valves without requiring machining. Further 


difference in set is obtained with load applied in the 
direction of rolling and when applied at right-angles 
to it. (4) With gas furnace heating of samples, the 
electric steel remains sound with 200 tons pressure, 
whereas the crucible steel crushes with loads of 190 
and 199 tons respectively. (5) The mean yield point 
of the crucible steel is 105 tons, of the electric 112.5 
tons. (6) Table IX. proves that when hardened from 
910 deg. to 960 deg. C. the point of breakdown is fairly 
constant. 

High-tungsten steels are useful in certain classes of 
cold stamping where great density is required in the 
die. Through the kindness of Dr. Hutton and Mr. 
Hanson, a die has been made from electric high-speed 


i 
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steel and put into use for dessert-spoon spreading; so 
far some 30,000 spoons have been dealt with, the die 
still being in use and in good order. Generally speak- 
ing, a die capable of going so far continues giving a 
much longer life. 

Before leaving the subject of dies, a few further tests 
may be of interest. Two steels were selected for trial, 
for the difficult work of tube drawing, difficult in 
respect of obtaining a die-steel to give a sufficiently 
long life ‘before re-machining. Mr. Reilly (of Muntz 
Metal Company), to whom the author is indebted for 


TABLE 
A4é. 


author has shown that wear, shock, compression, 
rigidity of shape, have all been satisfied by using 
electric steels of various qualities. 

It would be as well now to examine the cutting 
power of electric steels. Cutting involves another 
steel to be cut, and since this may be far from homo- 
geneous, durability testing cannot be regarded in the 
same manner as tensile testing. It only requires cne 
hard spot in the path of the tool under test to vitiate 
the result, by destroying a good tool-nose which would 
otherwise have had a long I*fe. 


Vi. 
Aaz. 


Heated to 825°C. 


Size of Test-Piece Quenched in Oil 


0-564” in Length, 
in Diameter. 


Heated to 825°C, 
Quenched in Oil 


at 25°C. at 25° C. at 25°C. as 
Load appliedslowly. | Load applied slowly. | Load applied slowly. | Load applied quickly. 


Heated to 845° C. 


Heated to 845°C. 
Quenched in Oil 


Quenched in Oil 


at 25°C 


Set in [Increase in Set in [Increase in Set in [Increasein| Setin [Increasein 


Diameter.| Height. | Diameter.| Heivht. | Diameter. 


Load in Tons. | | Diameter.| Height. 
100 0-0005 

110 0-0010 

130 0-0005 | 0-0002 | 0-0020 

140 0-0010 | 0-0005 | 0-0030 

150 0-0014 | 0-0010 | 0-0055 

160 0-0020 | 0-0015 | 0-0090 
170 0-0030 | 0-0020 | 0-0160 
180 0-0060 | 0-0040 | 0-0300 
0-0160 | 0-O0110 | 0-0585 


0-GOOL | 0-0010 | 0-0002 | 0-0010 | 0-0002 
06-0005 | 0-0013 | 0.0004 ees vee 

0-0007 | 0-0018 | 0-0006 
0-0011 | 0-0021 | 0-0008 
0-0020 | 0-0045 | 0-0025 
0-0040 | 0-0065 | 0-0040 | 0-0090 | 0-0060 
0-0060 | 0-0120 | 0-0075 ane ose 

0-0110 | 0-0215 | 0-0140 | —... 
0-0210 | 0-0340 | 0-0220 am aes 
0-0410 | 0-0729 | 0-0485 | 0-0750 | 0-0530 


test . . sound sound sound sound 
Brinell No. 
after test . 600 555 555 555 
A100. 
° Heated to 845° C. 
Siae of Test-Plece | “Qcenched in Quenched in Oil at 26°C. *Quenched in Ol 
0-564" in Diameter at 25°C. at 25°C. 
Load applied slowly. | Load applied slowly. | Load applied quickly.] Load applied quickly. 
Loadin Tons. | | Diameter:| Height. |Diameter.| Height. | Diameter.| Height. | Diameter, 
70 0-0005 nil 0-0005 nil one wit 
80 0-0008 | 0-0002 | 0-0007 nil ane — 
90 0-0010 | 0-0003 | 0-0010 | 0-0002 
100 0-0015 | 0-0006 | 0-0020 | 0-0010 | 0-0015 | 0-0010 | 0-0020 | 0-0010 
110 0-0025 | 0-0012 | 0-0030 | 0-0015 
120 0-0045 | 0-0030 | 0-0050 | 0-0030 
130 0-0080 | 0-0040 | 0-0095 | 0-0060 
140 0-0170 | 0-0110 | 0-0210 0-0140 wee 
150 0-0350 | 0-0230 | 0-0410 | 0-0280 | 0-0435 | 0-0300 | 0-0350 | 0-0240 
160 0-0560 | 0-0380 | 0-0620 | 0-0430 
170 0-0740 | 0-0510 | 0-0830 | 0-0580 
180 0-0960 | 0-0680 | 0-1010 | 0-0790 
200 0-1310 | 0-0950 | 0-1420 | 0-1060 | 0-1430 | 0-1080 | 0-1350 | 0-1010 
Sample after 
test . ;: sound sound sound sound 
Brinell No 
after test . 495 475 495 475 


his careful record of the performance of these steels, 
supplies the following particulars :—Crucible steel] No. 
9; die drew 828 ‘tubes; best die hitherto tried, maxi- 
mum of 500 tubes. Electric steel No. 113, die drew 
325 tubes; best die hitherto tried gave a maximum 
of 200 tubes, as a harder quality of tube was drawn 
in this case. The compression tests of these two steels 
are shown in Table x The dies were given similar 
treatment to the compression tests, with respect to 
temperature, but were heated in a salt bath instead 
of a gas furnace. 

The problem of die steels is very complex, but the 


By permission of the Council of the Institution of 
Mechanical’ Engineers the author is allowed to cite the 
remarks he made on Mr. Burley’s Paper on “‘ The 
Cutting Power of Lathe Turning Tools” in January 
of this year. All he requires is to re-publish tle 
curves shown in Fig 1. 

Four tools in this series (two crucible and two elec- 
tric), 16 to 18 per cent. tungsten type, were taken, 
and the results are shown in Table XI. These tools 
were made from four separate bars. 

This small research was carried out to find the rela- 
tion of cutting speed to endurance. The author wanted 
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Taste VII.—Crucible K8 (Spec.) 


(1) With the Grain. | (1x) Across the Grasn.| (2) With the Grain. | (3x) Across the Grain. 
as Muftle. Gas Salt Bath. Salt Bath. 
OH 940° in OU OB 940° 1p Oi) OH 940° in Oil OH 940° in Oi 
at 25° at zs° at 25°. at 25°. 
Load ip Tons 
Set in Incr in Set in Incr in | Set in Incr in Set in Inor. in 
Height | Diameter | Height | Diameter | Height. | Diameter.| Height. | Diameter. 
90 0-0005 nil ose 
100 0-0008 | 0 0-0010 nul 
110 0-0010 | 0-0003 | 0 0005 0-GO12 | 0-0005 on np 
120 0-0012 | 0-0004 | 0-0008 | 0 0003 | 0-0013 | 0-0006 | 0-0003 nil 
130 0-0017 | 0-0008 | 0-0010 | 0-0005 | 0 0015 | 0-0008 | 0-0008 | 0-0002 
140 0-0020 | 0-0010 | 0-0020 | 0-0008 | 0-0020 | 0-0010 | 0-0010 | 0-0005 
150 0-0030 | 0-0015 | 0-0030 | 0-0020 | 0-0030 | 0-0020 | 0-0020 | 0-0015 
160 0-0050 | 0-0020 | 0-0050 | 0-0035 | 0-0039 | 0-0027 | 0-0030 | 0-0020 
170 -| 0-0070 | 0-0035 | 0-0070 | 0-0045 | 0-0060 | 0-0040 | 0-0040 | 0-0030 
180 0-0115 | 0-0070 | 0-0115 | 0-0070 | 0-0085 | 0-0060 | 0-0070 | 0-0050 
200 Crushed] with a | Crushed} with a | 0-6280 | 0 0200 | 0-0240 | 0-0170 
load of | 190-8 load off 199-7 
tons tons 
Sample after 
test . sound sound 
Bnnell No. 
after test . unobt jainable unobtjainable 532 578 
Tspie VIII —Electric K8 (Spec.) 
(1) With the Grain. | (1x) AcroastheGrain.| (2) With theGrain. | (2x) Acrossthe Grain. 
Gas Muffle. Muffle t Bath. Salt Bath. 
OH 940° inOw OH 940° in Oil OH 940° in Oil OH 940° in Oil 
at 25° at 25° at 25°. at 25°. + 
Load in Tons. 
Set in Incr in Set io Incr in Set in Incr in Set in Incr. in 
Height. | Diameter Height. | Diameter] Height. jiameter. Height. | Diameter. 
90 0-0005 nil ove 
100 0-0008 | 0 0003 wes ose 
110 0-0010 | 0 0004 | 0-0005 | 0 0002 ie ial enn 
120 0-0011 | 0-0004 | 0-0012 | 0 0005 ia a 0-0005 niin 
130 0-0014 | 0-0005 | 0-0018 | 0-0010 | 0-0005 ial 0-0008 | 0-0003 
140 0-0020 | 0-0010 | 0-0022 | 0-0012 | 0-0010 | 0-0005 | 0-0015 | 0-0010 
150 0-0030 | 06-0018 | 0-0030 | 0-0020 | 0-0020 | 0-0010 | 0-0030 | 0-0020 
160 0 0045 | 0-0030 | 0-0042 | 0-0030 | 0-0030 | 0-0020 | 0-0045 | 0-0025 
170 0-0070 | 0 0045 | 0-0070 | 0 0042 | 0-0065 | 0-0040 | 0-0060 | 0-0030 
180 0-O110 | 0 0080 | 0-0140 | 0-0090 | 0-0090 | 0-0060 | 0-0090 | 0-0060 
200 0 0315 | 0 0220 | 0-0380 | 0-0260 | 0-0280 | 0-0190 | 0-0300 | 0-0200 
Sample after 
test ; sound sound sound sound 
Brinell No. 
after test . 555 532 578 555 


Size of test pieces, 0 564 inch in length, 0-564 inch in diameter. 
Taste 1X.—Crucible K8 (Spec.) 


| oad tn Tons 


OH 960° in Oil at 25°. 
Load applied slowly 


OH 910° in Oil at 25°. 
Load applied quickly. 


Set in Height Set in Height. 

90 00-0005 nil 
luo 0- 0010 0-0002 0-0010 0-0005 
ilo 0 OOLS 0-0005 wat 
120 0 0020 0- 0008 
130 00-0025 0-0010 
140 0 0032 0-0018 

¢ 150 0 0060 0-0026 0-0165 0-0100 
170 0 0230 0-0130 
00-0430 0-0280 one 
200 Crushed with 190-7 tons Crushed with 198-3 tons 


resalt confirms the main the previous one, Table LV. 


up to 140 tons 


the set is similar, but 1s greater from 140 to 200 tons, yet singularly the material 
collapses at the same point as the first. 


| 
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to find out what happened at speeds lower than, but 
yet well over, ordinary shop practice, and particularly 
to determine the highest speed at which the curve 
would flatten out, i.e., give a very long life. The 
electric steel tool gave the most satisfactory curve, and 
by dropping the speed from 55 to 45 ft. only, the life 
was increased from 85 minutes to 1455 minutes. The 
bar used for the test was hard steel, carbon 0.7 per 
cent., manganese 0.77 per cent., normalised (not 
annealed, as is generally adopted) with a Brinell hard- 
ness of 255. This 145 minutes’ test was the most re- 
markable the author has yet seen. After 100 minutes 
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quality of the steel are involved, such as the heat 
treatment, and the uncertain factor of the material 
operated on however carefully prepared, the immediate 
or here is to show how electric high-speed steel 
haves as a drill running at a high speed, and at the 
rate of 6 in. per minute on medium hard material. 
It was not intended to try the crucible variety here, 
but inadvertently some drills of crucible steel crept 
in and, after testing, were differentiated later by 
means of analysis, the amount of sulphur giving an easy 
means of separation. A further series of drills of the 
milled pattern was tested, in order to check the 


had elapsed, the tool and the chips began to show first series, especially to see if the 400-in. record 
redness which continued until exhaustion occurred. was a freak result or not. The remarkable fact 
It will be noticed, on examining the table of was that the electric steel again survived the or- 
results that the crucible steel used gave inferior deal of dri!ling 200 holes of 2 in. in depth, leaving 
results with water-hardening as compared with a tool still capable, from all appearance, of doing 


air-blast hardening, so further tests at lower speeds 
were not considered worth doing. The standard stool 
of a well-known water-hardening steel was inferior at 
55 ft., and at 50 ft. very erratic. 


considerably more work, whereas the author has never 
yet obtained a crucible drill which will do the same. 
On the other hand, there was a remarkable recovery 
of cutting power, after tempering at 550 deg. to 650 


Taste X. 
No. 9 Steel. No. 113 Steel. 
OH 850° in Oil at 70°. OH 960? in Oil at 25°. OH 910° in Oil at 28°. 
Bead in Tens. Load applied slowly. Load applied slowly. Load applied quickly. 
Set in Increase in Set in Increase in Set in Increase in 
Height. Diameter. Height. Diameter. Height. Diameter. 
80 0-0004 nil 0-0005 nil 
90 00006 nil 0-0010 nil 
100 0-0008 0.0003 0-0012 0-0002 0-0022 0-0012 
110 0-0010 0-0004 0-0018 0-0005 eve jan 
120 0-0012 0-0004 0-0030 0-0010 
130 0-0014 0-0005 0-0050 0-0022 
140 0-0020 0-0010 0-0010 0-0050 ais Pa 
150 0-0025 0-0016 0-0210 0-0130 0-0480 0-0340 
160 0-0032 0-0020 0-0380 0-0250 wae Sot 
170 0-0060 0-0050 0-0580 0-0380 
180 0-0090 0-0060 0- 0800 0-0560 a és 
200 0-0230 | 0-0160 0-1370 0- 1030 0- 1540 0-1190 
Sample after sound slight cracks on sound 
test surface 
Brinell No. 555 495 477 
after test 


In a previous series of tool tests, the bar operated 
on was annealed, and had the following composition :— 


deg. C., which is not met with in the electric steel; 
but this point does not seem to have any practical 
significance. 


C. Si. Ss. Mn. = 
0.91 0.13 0.05 0.036 0.70 Tasie XII.—Series of Tests on Twisted Drills 1,', Diameter. 
The cutting speed adopted, 65 feet per minute. Revolutions per minute, 435. Material operated upon 
Depth of cut, ,% in. Traverse per revolution, ;; in Depth of hole cut per minute, forged bars. 


Hardened from Fusing Point in Water followed by Air-Blast, 


6.5 in. 


Carbon, 0.46 per cent. 
Feed per revolution, 0.015 in. 


(Normalised) skin 


Lubricant used, soapy water. left on. 
| Hardened | Total Condi- | Total | 
65 ft | Bamened & 6 34 1330°C. | depth tion | depth | Condition after 
| 9 9 9 Quenched in | ofcut after | of cut | testing. 
L 2nd time Reground 12 18 te cold-air blast. | in ins. testing. | in ins. 

The tests given in Table XII. were the outcome after Tempered 220 | 259 Done up — | -— 
reading Professor Edwards’ Paper,* where he gives a 340 — 400 worn. 
number of Brinell numbers to show where secondary Still cutting. 
hardening happens. It was expected that the changes af 420; — — 239 Done up. 
would show more violently in actual drill testing. 540 | -- 111 

Going still further into the very complicated question 5 asi — — 3 ‘ee 
of drill testing, where so many factors beside the a 950 | 4 Doneup}) — ~ 

» 1050 — Done up. 


«* Journal” of the Iron and steel Institute, 1915, No. II. p, ¢. 
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Table XIII. shows the effect of tempering on tor- 
sion, and the amount of power required to fracture 
the drill by twisting. The angle of twist must be 
regarded as approximate only.— 


Taste XIII.—Full Section of Drill taken .Length under 
Observation, 44 in. Fluted Portion Only. Diameter 
of Drill, 1 in. 


Crucible. Electric. 


| Twisting | Twisting 
moment | Final moment Final 


| in in.-lbs. | twist. inin.-lbs. | twist. 
Untempered | Not estimated. 2758 15° 
OT 200 2780 113° 3168 113° 
T 550 | $234 | 302° 5100 237° 
T 650 , 6617 392° 5047 28” 


Dealing with the demand for an improved aero- 
plane exhaust-valve steel, the author submitted to 


Taste XV. 


Ultimate strength. Tons per sq. in. 
Steel 
700° 800°C. | 900° C. 
New steel “ee 19.0 10.27 | 11.15 
19.0 9.5 8.9 
.. 10.5 | 6.5 6.5 


The mechanical properties of the new steel in the 
cold are very similar to those of the high-tungsten 
steels. As regards corrosion and scaling, the new 
steel is rather better than the tungsten steel, but 
inferior to the high-chromium steel.  ‘‘ This . steel 
appears to show, in a comparatively marked manner, 
the increase of strength which occurs in both the 
tungsten and the chromium steels at temperatures 
higher than 800 (followed, of course, finally, by a 
fall in strength).’’ This steel was made in the 
electric furnace. 


\ | 
\ 


| | | 
{ 
| | | 
aN | | | 


& air blast 


45 


\ Water blast | | 
| | 
= ~ 
= 


er & air b 


| 


| 


| | | 


| 


| 
| 
| 


10 20 30 40 50 60 70 


60 90 100 40 120 430 — 140 150 


~Minutes Cutting. 


Fic. 1.--DraGramM witn Curves SHOWING THE RELATION oF CUTTING SpEED TO DuRABILITY. 


——.——. E’= Electric ” ’ 
E = Electric ” ” 
——— —C = Crucible ” 


Dr. Aitchison some samples which he anticipated might 
combine the advantages of the high-tungsten quality 
with regard to strength at high temperatures and 
also approach the low corrodibility of the high-chro- 
mium steels. The following is an extract from his 
report :— 

“The steel was tested in tension at temperatures of 
700 deg. C., 800 deg. C., and 900 deg. C., and gave 
the results shown in 'Table XIV. 


Tarte XIV. 


“Ultimate strength. 
Tons per sq. in. 


Temperature. 
Degrees C. 


700 19.0 
800 10.27 
900 11.15 


The strengths possessed at the same temperatures 
by the usual high-tungsten steel to Specification K.8, 
or the high-chromium steel to Specification $8.19, can 
be compared from the figures in Table XV. 


Electric hardened in water followed by air blast. 


” 
air-blast. 


” 


Much space has been deveted to a few qualities of 
steel where mechanical tests could be supported by 
usage in actual practice, or where it was possible, 
as in the cutting tests, to more than meet the de- 
mends made by the workshop. This is the only 
method that will appeal to the engineer or the general 
user of steel, and also will afford members of the 
Institute an opportunity of hearing a more practical 
aspect (hitherto regarded as firms’ secrets) than is 
customary. 

Cost of production has been excluded altogether from 
the Paper, as it varies in every works, according to 
equipment, design, and space available in the shop. 
But suppose it is arrived at, what is it to be com- 
pared wth? Are several 3- or 6-ton furnaces to be 
expected to compete with, say, six 50-ton Siemens 
furnaces ? 

From costs got out some time ago, when cor i- 
tions were much steadier than in these days. The 
author formed the opinion that a 15-20-ton electric 
furnace would produce as cheaply as a 50-ton acid 
Siemens furnace. The question of cost must never, 
however, be allowed to take first position in the steel- 
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maker’s mind! There is no compromising in steel- 
making—a good heat, even though it may have cost 
5 or 10 per cent. or even more over the second best, 
will have proved the cheaper by the time the steel 
reaches bar form. Too many technologists are en- 
gaged in investigating complaints of bad steel; they 
would be better engaged in making good steel. 

It is certainly not advisable to apply crucible 
methods and recipes when making any mixture of 
the high-melting point metals; no amount of killing 
agents—silicon, manganese, aluminium, magnesium, 
titanium—can take the place of a reducing slag under 
control. 

With a correct slag, killing agents are not necessary. 
Steel can be made sound in the electric furnace, heat 
after heat, no aluminium whatever being required, 
while an incorrect slag and its consequences cannot be 
remedied by adding aluminium to the ladles. This 
is a distinction peculiar to the electric furnace. 

For making steel castings this process has been 
tried for some considerable time, with results which 
have more than satisfied the foundrymen. The possi- 
bilities of the electric furnace are by no means fully 
explored, but it has heen clearly shown in the Paper 
that it is a very flexible tool. The type of men 
available to obtain the best from it constitutes the 
real problem. The steels that have been described 
so fully have all been made in Messrs. J. Beardshaw 
and Son, Ltd.’s, electric furnace. : 


Discussion. 


Mr. E. H. Sanirer said the author referred to the 
great immunity from sulphur and prosphorus which 
could be obtained in electric furnaces, but almost the 
same results could be obtained in basic open-hearth 


furnaces. He did not think that was a point which 
could be pressed very much in favour of electric 
steels. 


Mr. A. McCance said in certain quarters there was 
undoubted prejudice against the use of electric steel, 
but the question should be examined impartially 
because it was a question that affected a very im- 
portant section of the steel industry. When electric 
furnaces were introduced at first a great many makers 
who installed them looked upon them as pieces of elec- 
trical apparatus. They had no confidence in their 
own electrical knowledge, and so they said the proper 
man to look after an electric furnace was an electrical 
engineer. Naturally, it was just as impossible for an 
electrical engineer to make steel as it would be for a 
steel-maker to take charge of an electric station. The 
result was, as was to be expected, disastrous. The 
quality of the steel coming out of an electric furnace 
depended upon the man who was in control of the 
operations, but he could not go so far as Mr. Carlisle 
in saying that it depended on his moral qualities. As 
against moral qualities he preferred a little knowledge. 

Dr. A. McWr11aM would like to know whether the 
author was really serious in saying that “ killing ”’ 
agents were not necessary. He thought the general 
experience was that however much care might be taken 
with the slides in working an electric steel furnace, 
it was found necessary to have some “ killing ”’ agent 
present. 

Mr. CaRtListe, in replying, quite agreed with Mr. 
Saniter that basic steel could be made as good as 
electric steel, but in a recent Paper before the Iron 
and Steel Institute it had been stated that the sulphur 
in basic steel could onlv be made low by a good deal 
of lost. time, and that commercially it was not a good 
proposition. With electric steel that was not the case: 
one could more easily get the sulphur and phosphorus 
low than in the case of basic steel. 


Messrs. J. F. Humpuries, J. F. Movuntrorp, and 
S. C. Sumner, machinery and tool manufacturers, 76a, 
Suffolk Street, Birmingham, trading under the style 
of H.M.S. Tool and Gauge Company, have dissolved 
partnership. 


Temper-Brittleness of Nickel- 
Chromium Steel.* 


By R. H. Greaves and J. J. A. Jones (Research 
Department, Woolwich). 


(A bstract.) 


In continuation of the work described in a previous 
Paper, investigation has been made on some nickel- 
chromium and other steels with a view to determining : 
—(1) The range in which and the rate at which temper 
brittleness is produced ; (2) the susceptibility of certain 
steels to develop temper-brittleness; (3) the effect of 
the change from the rittle to the tough condition on 
a few of ithe physical properties of the steel. The 
steels examined were of similar composition to those 
used in the previous werk (?.e., about 0.25 per cent. 
carbon, 0.5 per cent. manganese, 3.5 per cent. nickel, 
and 0.6 per cent. chromium). 

As pointed out in the previous Paper, the transfor- 
mation from the tough to the brittle condition in the 
vicinity of 550 deg. C. occurs, not at a definite tem- 
perature, but over a range above which the tough cen- 
dition was considered to be stable, below which the 
brittle condition, and within which there appeared to 
be equilibrium between the condition producing brittle- 
ness and the condition producing toughness. 

A supply of tough and brittle material (D and E 
acid open-hearth and F and G electric steel) having 
been obtained, specimens (45 in. long by about 3 in. 
square) from each steel were re-heated at temperatures 
between 450 and 600 deg. for various times up to 438 
hours. For each re-heating treatment, tough and 
brittle specimens from one steel only were wired to- 
gether in pairs, and after being kept at the desired 
temperature for requisite times were withdrawn and 
cooled in water. They were subsequently machined 
to standard Izod test-pieces, having three V-notches 
2 mm. deep on the side which had originally been 
nearest the centre of the forging or bar from which 
the specimen had been taken. Precautions were taken 
throughout to secure uniformity of orientation of the 
specimens with regard to the original forging or bar, 
as well as to obtain constancy and uniformity of tem- 
perature in treatment. 

On heating tough and brittle material together at 600 
deg. C. and cooling in water, there was a slight rise 
in the impact figure given by the tough material, ac- 
companied by slight softening. The brittle material 
rapidly became tough after heating at this temperature, 
and reached its maximum figure, which was practically 
identical with the tough figure after half-an-hour. 

On heating to 575 deg. and cooling in water there 
was a slight drop in the impact figure given by the re- 
heated tough material. Identical figures were reached 
by the tough and brittle specimens after about one 
hour. 

After heating to 550 deg. and cooling in water. there 
was a considerable fall in the impact figure given by 
the tough material, and rise in the figure given by 
the brittle material. Both specimens gave the same 
impact figure after four hours, and no appreciable 
change occurred after a further two hours. It thus 
appears that an equilibrium condition had been attained 
after about four hours at 550 deg. 

The effect at 520 and 500 deg. was similar, the im- 
pact: figure of the steel in its condition of equilibrium 
being lower, and the time required to attain equili- 
brium being Jonger. 

After heating to 475 deg. and cooling in water, the 
equilibrium figure had dropped practically to the 
original brittle figure, which was reached bv the tough 
material after 12 hours’ heating at this temperature. 

At 450 deg. C. about 36 hours were required to 
establish equilibrium, the impact figure obtained being 
practically identical with the original brittle figure. 

The range in which brittleness is produced in the 


* Read at the Autumn Meeting of the Iron and Steel Insti- 
tute, Cardiff. 


| 


THE FOUNDRY TRADE JOURNAL. 771 


electric furnace steels is lower than in the acid open- 
hearth steels. The ranges appear to be roughly: 585 to 
475 deg. C. for the acid open-hearth steels D and E; 
550 to 450 deg. (or lower) for the electric furnace steels 
F and G. The rate of attainment of equilibrium at 
the higher temperatures is somewhat faster, and at the 
lower temperatures considerably slower, for the electric 
furnace steels than for the open-hearth steels. 

The electric furnace stee] F, which had been har- 
dened from 1050 deg. C., took about the same time to 
attain equilibrium as that hardened from 850 deg., but 
the embrittling range may have been a little higher, 
and the impact figure corresponding to equilibrium at 
any temperature within the range 550 to 450 deg. was 
less in the case of the steel with the higher hardening 
temperature. The change from the tough to the brittle 
condition and vice-versd is in no case accompanied by 
any appreciable change in hardness. 

Water-cooled from above the embrittling range, the 
fracture of the impact test-pieces was fibrous, from 
below after equilibrium had been attained it was 
typically crystalline, and the fall in the impact figure 
was from the first accompanied by a change in the 
appearance of the fracture, due to a gradual increase 
in the proportion of the crystalline portion. 

Specimens (43 in. long by about % in. square) were 
taken from steels E and F. After normalising they 
were oil-hardened, steel F from 850 deg. and steel E 
from 850 and 1050 deg. C. They were tempered at 
temperatures from 450 to 600 deg. for times which 
varied from one minute up to 16 hours, and then cooled 
in water. All treatments which lasted less than 30 
minutes were carried out in a salt bath, heating for 
longer times was done in a muffle furnace. 

When the steels were tempered above the range in 
which temper-brittleness is produced (say at 600 deg. 
C.) the impact figure progressively increased as the 
hardness was reduced. Socteisine within or below the 
range introduces two opposing tendencies, viz., a 
softening effect tending to increase the impact figure, 
and an embrittling effect tending to diminish the im- 
pact figure. In the early stages of tempering the 
former tendency far outweighs the latter. For example, 
taking steel E tempered at 520 deg., the first effect of 
tempering is to increase the impact figure. If the 
tempering is continued the figure falls and eventually 
reaches a low value. The exact time at which the de- 
crease sets in depends on the rate of reduction of 
hardness and on the susceptibility of the steel to 
temper-brittleness. Thus the fall in impact figure is 
noted sooner in ‘the steel oil-hardened from 1050 deg. 
than in that oil-hardened from 850 deg., because brittle- 
ness is developed more readily in the former than in 
the latter. Hence it appears that rapid tempering of 
articles of small section at temperatures within the 
range may not be followed by serious results to the 
impact figure. 

If tempering at temperatures between 475 and 540 
deg. C. is resorted to, such temperatures cannot safely 
be maintained for any considerable length of time, but 
the steel should be raised to the required temperature 
and allowed to cool immediately without soaking as 
soon as the temperature is reached. Uniformity of 
tempering under such conditions can, of course, only 
be secured in articles of comparatively thin section. 

Curves have been published by Dickenson showing 
the impact figure obtained from oil-hardened nickel- 
chromium steels after tempering at various tempera- 
tures, but none of the curves for the steels quickly 
cooled after tempering shows the dip which under 
certain conditions exists between 475 and 550 deg. C. 

In the course of their work, the authors have had 
occasion to determine the susceptibility to develon 
temper-brittleness of a number of steels of various 
compositions and different origin. 

It should be made clear that, in what follows, the 
practical liability of the steel to develop a dangerously 
low impact figure is not under discussion, and the 
statement that the steel is ‘‘ susceptible to temper- 
brittleness’? as here used is not to be taken to imply 


that the steel would ever under practical conditions of 
tempering actually become brittle. As a criterion of 
susceptibility may be taken the ratio of the impact 
figure of the sample rapidly cooled to that of the sample 
cooled slowly after tempering, the previous history of 
the steel being the same in each case. 

The numerical value of the susceptibility ratio of 
any given steel depends on the conditions of hardening 
and tempering, the rate of cooling from the tempering 
temperature, and probably also upon the amount of 
work put on the steel in forging, rolling, etc., and 
on the direction in which the tests are made. These 
conditions should be the same in comparing the suscep- 


. tibility of different steels. 


The effect of various rates of cooling after tempering 
on several steels has proved the fact that a steel which 
might be classed as not susceptible when a rate of 
cooling of 3 deg. per minute is employed, may show a 
reduced impact figure when cooled at a rate of 0.3 deg. 
per minute. After oil-hardening from a high tempera- 
ture a lower impact figure is in general produced ky 
the same rate of cooling after, tempering. 

Two steels S and T, both crucible steels, differing 
chiefly in the fact that S contains no vanadium and T 
contains 0.38 per cent., were made at the same time 
and subsequently treated in an identical manner. Their 
susceptibility ratios were identical, the steel contain- 
ing vanadium, however, naturally remaining much 
harder after receiving identical treatment. 

The only sample of nickel-chromium-molybdenum 
steel which was examined showed very slight suscep- 
tibility, much less than any similar steels without 
molybdenum made by the same process. The authors, 
however, have no data on which to judge the general 
effect of molybdenum. 

A series of chromium steels, all made by the crucible 
process, showed a susceptibility ratio of about the 
same order as nickel-chromium crucible steels, increas- 
ing in numerical value with increase in chromium ¢on- 
tent. These steels contained about 0.06 per cent. of 
nickel. The chromium-vanadium acid open-hearth steel 
was susceptible. This class of steel is well known to 
show temper-brittleness. 

Only acid open-hearth steels have been examined 
containing 0.3 to 0.4 per cent. of carbon with about 
34 per cent. of nickel and under 0.04 per cent. of either 
sulphur or phosphorus. The majority of these steels 
classed as nickel steels contain 0.05 per cent. or more 
of chromium. They show various degrees of suscep- 
tibility to temper-brittleness, and the phenomenon is 
reversible below 600 deg. C., but the range in which 
it is developed has not been determined. The influence 
of oil-hardening temperature is the same (in one steel, 
AC, chromium was only 0.012 per cent.), and there 
is no reason to suppose that the cause of the brittle- 
ness is different. 

Temper-brittleness has been observed in carbon steels 
by Grenet, Rogers, and others. Grenet’s steels are 
reported to have contained traces of chromium, and 
all the steels which exhibited temper-brittleness con- 
tained rather high sulphur and phosphorus. Carbon 
steels examined by the authors contained 0.3 to 0.4 
per cent. of carbon, with less than 0.045 per cent. of 
either phosphorus or sulphur, and were outside the 
range of composition of those in which temper-brittle- 
ness has been observed. They showed no tendency to 
develop temper-brittleness with rates of cooling after 
tempering of 0.5 deg. per minute, subsequent to cil- 
hardening from temperatures as high as 1250 deg. C. 

Steels which show temper-brittleness in the hardened 
enndition also show it to a less extent in the unhar- 
dened condition. Grenet has recorded results showing 
the embrittling action of slow cooling after re-heating 
to 650 deg. C. and of heating at 500 deg. C. on unhar- 
dened nickel-chromium steel. 

Prolonged heating of the tempered steel at a tem- 
perature like 520 or 500 deg. C. has no apparent effect 
on the microstructure, although the impact figure may 
be reduced to one-tenth of its original value. 

The cause of temper-brittleness must be regarded as 
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still obscure, but a few theories which have been put 
forward to account for it are discussed by the authors. 
They have had in mind, in considering the cause of 
temper-brittleness, the possibility of its being due in 
some way to the presence of an oxide of chromium in 
the steel. Little is known of the conditions of exis- 
tence of oxides in steel, but it seems likely, in view 
of the great stability of chromium oxide, that some of 
that oxide present in the molten steel might resist de- 
oxidation and persist in the solid state. Steels made 
by the open-hearth process would be most liable to 
contain oxide, and therefore on this view to show 
temper-brittleness, those made by the electric furnace 
next, and those made by the crucible process least 
liable. This is, in fact, the order of susceptibility of 
the products of these methods of manufacture. 

An important characteristic of temper-brittleness is 
that it is revealed by notchéd-bar tests only ; it is not 
revealed by the slow bending of plain bars or in the 
tensile test. After reviewing the facts, the authors 
come to the conclusion that an oxide theory does not 
fit all the facts. It will need modification or possibly 
may be abandoned completely. Sufficiently full data 
are not yet available, however, to introduce the neces- 
sary modification, or to come to a conclusion as to its 
validity, and the authors therefore leave it at this 
stage as a suggestion of a line along which an explana- 
tion of the phenomenon of temper-brittleness may have 
to be sought. 


On Graphitisation of lron-Carbon 
Alloys* 


By Proressors Kotaro Honda AND TAKEJIRO 
MURAKAMI 
(Tohoku University, Sendai, Japan). 

The object of the authors’ investigation was to 
determine the period of graphite formation in iron- 
carbon alloys during cooling and the condition of its 
occurrence, and, if possible, to ascertain the 
mechanism of graphitisation. Most scientists believed 
that the graphite always resulted from the breaking 
up of cementite soon after its solidification. From 
the mode of occurrence, however, other scientists insist 
that it is a product directly separated from the melt. 
It is argued that if the graphite in cast iron be a pro- 
duct of cementite decomposed in a completely solidified 
alloy, by the reaction Fe,C = 3Fe + C, some inter- 
mediate stage of the change from eutectic cementite to 
flaky graphite should be found in some alloys cooled 
under certain conditions. On the other hand, if the 
graphite is a product directly separated from molten 
metal, it should always appear in a eutectic form with 
austenite; but there are many alloys containing 
graphite which cannot be considered as a constituent 
of a eutectic. 

From the results of the present investigation, the 
following conclusions regarding graphitisation of pure 
iron-carbon alloys were drawn :—(1) In pure iron- 
carbon alloys, graphitisation is caused by the decom- 
position of the cementite solidified during cooling from 
the melt. (2) Graphitisation is not a direct decom- 
position of cementite at high temperature according to 
equation Fe,C = 3Fe + C, but is caused by a catalytic 
action of carbon monoxide or dioxide. 

The nature of the catalytic action is not yet very 
certain, but the following hypothesis will meet the 
observed facts very satisfactorily. When molten metal 
dissolving carbon monoxide solidifies at 1,130 deg.. a 
certain quantity of free gas separates but remains 
intermingled with its mass. Since, at this high tem- 
perature, there exists still a small partial pressure for 
carbon dioxide, a minute quantity of the latter gas 
will be produced according to the following equation :— 


20 =CO,+C. 


This carbon dioxide reacts on cementite, aS soon as 


* Read before the Autumn Meeting of the Iron and Steel 
Institute, Cardiff. 


the above reaction proceeds from left to right, accord- 
ing to the equation :— 


CO, + Fe,C = 200+ 3Fe . . (2) 


thus changing carbon dioxide into monoxide. Hence 
the dioxide is newly formed by equation (1), and then 
retransformed into the monoxide by equation (2), and 
so on. The result is that cementite is gradually de- 
composed, giving rise to graphite and iron. This 
iron goes into austenite as a solid solution. Thus if 
there be, initially, a small quantity of free carbon 
monoxide within the metal, the above reactions pro- 
ceed step by step, and the cementite is continuously 
graphitised. This process continues until the quan- 
tity of the gas in a given portion is reduced to a cer- 
tain low value, in cunsequence of the gradual extension 
of the graphitising volume, or until the temperature 
falls below the graphitising range. 

The method of investigation and the observed re- 
sults, from which the above conclusions were deduced, 
were as follows :— 

The material used in the present experiment was a 
white pig-iron obtained from the Yawata Iron Fac- 
tory and coniaining very few impurities. The chemi- 
cal composition was as follows :— 

Per cent. 


Carbon 3.75 

Silicon 0.063 
Manganese 0.091 
Phosphorus ... 0.043 
Sulphur ... 0.010 


The material was melted in a small resistance furnace 
of platinum wire, wound round an alundum tube; a 
melting tube made of alumina was used. The weight 
of the material used in each experiment was 20 
grammes. The measurement of temperature was made 
by means of a platinum platinum-rhodium_ thermo- 
element, the hot junction being placed in a thin silica 
protecting tube and dipped in the molten metal. Since 
silicon plays a prominent part in the graphitisation, 
and as it was thought possible that, owing to the use 
of a silica protecting tube, some silicon may have 
entered into the alloys, some of them were analysed 
after the experiments, but the increase of silicon was 
very small. Its effect, therefore, is negligible in 

In the present investigation, the influence of the 
following factors was studied ; (1) The maximum tem- 
perature of the melt and the time exposure at this 
temperature; (2) the effect of the mode of cooling ; 
(3) the effect of special treatment during melting; (4) 
the effect of previous treatments; (5) the annealing 
below eutectic point. The degree of graphitisation was 
estimated by observing the microstructure of 
specimens. 


Effect of the Maximum Temperature 
and the Time of Exposure. 


Fifteen experiments were carried out at different 
maximum temperatures and with different times of 
exposure at those temperatures, the rate of cooling 
being normal,” that is, the melt being allowed to cool 
in the furnace. 

When the maximum temperature is 1,200 deg., the 
degree of graphitisation of eutectic cementite during 
cooling is nearly constant, that is, about three-fifths, 
irrespective of the time of exposure of the melt. If 
the maximum temperature be 1,300 deg., the degree 
of graphitisation diminishes as the time of exposure 
increases, and no graphite is observable in specimens 
exposed longer than ten minutes at that temperature. 
The graphitisation also depends on the rate of heat- 
ing above 1,200 deg., a slow heating being equivalent 
to a prolonged heating. As the maximum tempera- 
ture increases to 1,400 deg., no graphitisation takes 
place during cooling, irrespective of the time of 


exposure. 
These facts are explained by the theory above out- 


lined. The gas, CO or CO,, responsible for graphiti- 
sation is formed, in the melt, from carbon in the speci- 
men and iron oxide formed during heating, or a 
quantity of it is contained before heating. It is very 
probable that the solubility of gases in the melt de- 
creases with the rise of temperature. At 1,200 deg., 
an amount of the gases which is set free from the 
melt may be present sufficient for graphitisation ; but 
by exposing the melt at temperatures higher than 
1,300 deg. tor a sufficient time, the amount of the 
gases may be reduced to a small quantity, and hence 
the free gases become insufficient for graphitisation. 


Effect of the Mode of Cooling. 

To investigate the effect of the mode of cooling, 
twenty-five experiments were made with different 
modes of cooling from different maximum tempera- 
tures, at which the time of exposure was varied. T! 
rate of cooling was regulated by adjusting the current 
through the furnace. The quick cooling was obtained 
by taking the melting tube, with the specimen, out 
ot the furnace and allowing it to cool in air. 

When the maximum temperature is 1,200 deg., some 
graphite was observed after quick cooling. In speci- 
mens cooled quickly from a_ temperature above 
1,500 deg. graphitisation does not, however, take place. 
The effect of slow cooling through the solidifying 
range was also examined for the specimens exposed 
at 1,300 deg. for ten minutes and confirmed that these 
specimens do not easily graphitise, even by a very 
slow cooling, such as from 1,200 deg. to 1,000 deg. 
in one hour. These facts may be explained by assum- 
ing that in specimens exposed at 1.300 deg. for ten 
minutes, the free gases responsible for graphitisation 
are nearly absent. 

For the purpose of determining the period of 
graphite formation, the specimens exposed at 1,200 
deg. for ten minutes were quenched from different 
temperatures during cooling. The specimens cooled 
from 1,200 deg. easily graphitise during normal cool- 
ing, as above described. If, however, the molten 
metal be normally cooled to 1,130 deg., that is to 
the eutectic point and then quenched in water, no 
graphite is observable. This temperature could be 
accurately observed by an arrest of the falling tempera- 
ture of the specimen. As the quenching temperature 
falls to 1,100 deg., a small amount of graphite is pro- 
duced, and when the quenching is made below 1,050 
deg., the graphite is nearly equa] in magnitude to that 
in the specimen cooled to room temperature. It may, 
therefore, be concluded that the graphite found in the 
specimen is not a product directly separated from the 
melt, but appears in the range from 1,130 deg. to 
1,050 deg., that is, the graphitisation takes place after 
the solidification of the melt. 

The effect of the time of exposure at 1,100 deg., the 
graphitising range, was also examined. In_ these 
experiments the molten metal was exposed at 1,300 deg. 
for ten minutes and cooled at the normal rate to 
1,100 deg., and after exposing for thirty, forty, fifty 
and sixty minutes was quickly cooled. If the time of 
exposure be less than thirty minutes, the graphitisation 
hardly takes place; but in cases where the time is 
longer, some graphite is observable. The degree of 
craphitisation at 1,050 deg. is smaller than that at 
1,100 deg., that is, even after exposure for one hour 
it is still small; but in two hours, much graphite is 
produced. For molten metal exposed for ten minutes 
at 1,400 deg., the graphitisation is decidedly less than 
in the specimen similarly cooled from 1,300 deg., 
showing that the free gases contained in the specimen 
heated to 1,400 deg. are less than those in the specimen 
heated to 1,300 deg. 


Effect of Special Treatment during 
Melting. 
Thirty-seven experiments were made for the investi- 
gation of the effect of special treatment during melting. 
Since in the microstructure of specimens containing 
some graphite it was often found that the flaky 
graphite aaccumulates in the region of cavities due to 
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gas inclusion, the effect of gases was also examined. 
All specimens in which carbon monoxide or dioxide 
was passed through the melt, show a high degree of 
graphitisation on cooling immediately after the passage 
of the gas, while for those in which hydrogen or nitro- 
gen was passed, no graphitisation occurs, showing the 
correctness of the view that the graphitisation is caused 
by carbon monoxide or dioxide. As the time interval 
between the passage of the gas and the cooling is in- 
creased, the degree of graphitisation decreases, and at 
last no graphitisation becomes observable, provided the 
temperature of the melt be above 1,300 deg. As the 
temperature increases, the time of exposure necessary 
for no graphitisation decreases, that is, if the tempera- 
ture be above 1,400 deg. even immediate cooling after 
the passage of the gases fails to cause any graphitisa- 
tion. These facts are also explained by the decrease of 
the solubility of gases in the melt with the rise of 
temperature. If air be passed through the melt, or 
iron oxide be mixed in it, graphitisation takes place 
more readily. The stirring of the melt with a silica rod 
has a similar effect on graphitisation. This may be 
attributed to iron oxide formed in the melt, which re- 
maining therein contributes to the production of carbon 
monoxide. In such cases the monoxide is contained in 
the melt for a longer time than in the case when the 
gas is directly introduced in the melt, and hence during 
cooling graphitisation takes place more readily. ; 

In order to examine the effect of a graphite rod 
dipped in the melt six experiments were made. In one 
experiment the melt was exposed to 1,300 deg. for ten 
minutes and a graphite rod introduced into it. After 
the melt was cooled at the normal rate, the micro- 
structure showed only a trace of graphite round the 
rod. In other experiments the melt was exposed to 
1,300 deg. for different time intervals after the melt 


had been stirred with the rod and cooled at the 
normal rate (the rod remaining in the specimen). 
As the time of exposure increased the degree of 


graphitisation decreased, and in a specimen exposed for 
twenty minutes the graphite was nil. In _ specimens 
exposed for five and ten minutes the graphite appears 
in clusters, and does not develop from the rod as the 
centre of graphitisation. If the graphite directly 
separated from the melt, it should appear round the 
rod, because a new phase easily appears when a nucleus 
of the same phase exists, but this was not the case. 
Hence it is to be concluded that graphite is not a 
product directly separated from the melt. 

The effect of melting in vacuo was also investigated. 
In these experiments the graphitisation does not readily 
take place, irrespective of the maximum temperature 
and the duration of melting, provided the cooling be 
not very slow. These facts clearly show that graphitis- 
ation depends on the existence of the gases, and in the 
present experiment the free gases responsible for the 
graphitisation are almost exhausted. 


Effect of the Previous Heat Treatment. 


In the above experiments the material used was taken 
from a large white pig-iron containing (as received) no 
graphite. In order to examine the effect of the pre- 
sence or absence of graphite in the material, eighteen 
experiments were made under varying conditions of 
previous heat treament. From the result of experi- 
ments it was found that specimens previously cooled 
from high temperature above 1,300 deg. did not 
graphitise by remelting and cooling from any tempera- 
ture above 1,150 deg., and that when once it is melted 
the presence or absence of graphite in the specimen 
does not affect graphitisation. The former fact indi- 
cates that after heating the specimen above 1,300 deg. 
free carbon monoxide is almost absent, and the latter 
shows that graphite cannot be a product directly 
separated from the melt. 


Effect of Annealing at a Temperature 
Below Eutectic Point. 


The authors examined the effect of annealing at 
different temperatures on eight specimens previously 
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subjected to different heat treatments. According to 
the result of experiments, white pig-iron always 
graphitises when annealed at a temperature above 

deg., and the form of graphite is flaky, like that 
produced during cooling from the melt. This shows 
that cementite can graphitise at a temperature below 
eutectic point. The degree of graphitisation depends 
on the temperature and the duration of annealing, and 
also on the previous heat treatment of the specimen. 
The difference in the modes of annealing, such as heat- 
ing in carbon powder, in kaolin, cr in vacuo, does not 
show any marked influence on the result, though even 
in cases annealed in carbon or kaolin, some graphitisa- 
tion takes place in the outer part of the specimen. 
The longer the annealing, the greater is the degree of 
graphitisation. The most effective temperature for 
graphitisation is in the vicirlity of 1,100 deg., and as 
the temperature falls, the graphitisation gradually 
decreases, and at a temperature below 1,000 deg. be- 
comes very slow. If the temperature falls to 900 deg. 
graphitisation does not take place even on annealing 
for twenty-four hours. These facts are attributed to 
decrease of the rate of the foregoing reactions, as the 
temperature falls. 

The effect of previous heat treatment is very con- 
siderable. In specimens previously exposed to 1,300 
deg. for a longer time graphitisation is slow, and in 
those previously heated to 1,400 deg. graphitisation is 
considerably less than in the last instance, and after 
three hours’ annealing at 1,100 deg. only a small 
quantity of graphite is visible. This may be due to 
the diminution of the free gases responsible for 
graphitisation through a prolonged heating at high 
temperatures. Specimens in which iron oxide is pre- 
viously mixed during melting easily graphitise, and 
after annealing at 1,000 deg. for one hour about one- 
fourth of the cementite graphitises. The graphitisation 
of the specimens melted in vacuo is slow; but if the 
maximum temperature previously reached be 1,200 deg. 
graphitisation takes place easily. These facts show the 
correctness of the view that the graphitisation is attri- 
butable to carbon monoxide, which is produced by the 
reaction of iron oxide with carbon in the specimen. 

From the observed facts and the explanations so far 
discussed it is to be concluded that graphite is not a 
product directly separated from the melt, but that it 
is a decomposition product of the cementite separated 
from the melt. This view is confirmed from a thermo- 
dynamical investigation by Professor Y. Cesaro.1 The 
above theory applies only to iron-carbon alloys ; 
graphitisation in the case of the alloys containing 
silicon requires a special investigation, which is now 
being undertaken by the authors. : 

In conclusion, an explanation of the formation of 
flaky graphite will be given. At a sufficiently high 
temperature a portion of eutectic cementite begins to 
decompose from its boundaries by the catalytic action 
of carbon monoxide or dioxide incidentally present in 
that portion of the specimen. The iron, which is a pro- 
duct of cementite decomposed in the above way, dis- 
solves in austenite, and graphite particles remain on the 
surface of the cementite. set as the graphitisation 
proceeds, the area of the cementite gradually decreases, 
and the cementite assumes a form of irregular grains or 
networks, the graphite particles collecting on the 
boundaries. When a great part of cementite decomposes 
and graphite particles gradually assemble owing to 
the surface tension acting on the boundary between the 
graphite particles and the austenite, the distribution 
of graphite takes the form of thick branched curves or 
flakes. As the heating continues, sharp edges of 
graphite curves or flakes are rounded up by the sur- 
face tension, and smoothly curved flakes are finally 
formed. 


Tue gross value of the estate of the late Mr. Henry 
Greenwood, of Greenwood & Batley, Limited, Leeds, 
is £36,863. 


2 “Journal” of the Iron and Steel Institute, 1919, No. 1. 


Patternmaking Jigs. 


By James Epcar. 


The scope for ingenuity in devising jigs in the pattern- 
shop is very great. Many workmen, as a rule, may 
be content to hack away at timber and rub it on a 
chalked surface until a fair fit is obtained. This 
method, although primarily satisfactory, is often tedious 
and unsatisfactory. The rapidity of production is, 
however, not the main point, and an intehigent interest 
in work gives greater pleasure to the workman himself. 

It is impossible to catalogue all varieties of jigs, for 
obviously, by their very nature, each example requires 
individual consideration. There are, however, some 
general principles worthy of note. In bandsaw work, 
when making bevel tooth wheels, the labour of cutting 
out the spaces between the teeth is often tedious and 
monotonous. It can be lightened by sawing them out 
practically to the line and just finishing with chisel and 
gouge. This is possible by making a half sphere either 
solid for very small work, or skeleton for large work. 
This is placed against the bandsaw and the wheel block 
rides on it while the spaces are being sawn out. As 
the sides of the teeth all converge towards the centre 
of a cone, it follows that the bandsaw wil] not cut 
wrongly. 

The sphere is rather a difficult jig, but a jig for 
branch fitting is simple. Suppose a branch has to be 
fitted on a circular body at right angles to the centre 
line. A square box with open ends should be made, 
and for large branches it may be made of open frames. 
It is advisable in patternshops where many pipes and 
valves are made to keep a few of these boxes in stock. 
It is a simple matter to screw the branch to the side 
of the box and stitch a thin template on the top plate 
of the box with the fitting shape defined on it. If the 
bandsaw is sharp it should be possible to saw practically 
to the line, in which case very little bench work will 
be required to finish. A very simple bandsaw jig when 
sawing at an angle is to fasten a support under the 
ar to be cut to raise it the correct angle from the 
table. 

Jigs are more applicable to the bandsaw than the 
circular saw, but jigs may be made for sawing wood 
wedge shape at the circular saw. Edges can also be 
sawn at any desired angle with the face by placing a 
thin piece against the fence with a stopper at the end 
which grips on the end of the fence and prevents it 
slipping through. 

Certain forms of jigs can also be used at the planing 
machine. For example, by means of stitching a strip 
to the longitudinal edge of a board it may be planed 
tapered, and if the strip is then removed a table is 
obtained on which tapered wood can be planed. Staves 
may be planed bevelled in this way so accurately that 
it is not necessary to touch them with hand planes. 

At the trimmers and the grinding machines jigs are 
often useful for many jobs. The craftsman who is 
alive and has initiative finds that the more he exer- 
cises it the more it develops, and thus he is ever on 
the alert. After all, it is foolish to make muscle do 
what a machine can do. 

It is impossible in a short article to deal with the 
many classes of bench work for which jigs can be used. 
When fitting branches, bosses, or ribs, it is nearly 
always possible, by putting a few lines on a drawing 
board, to make templates that obviate bedding down. 
It should always be remembered, of course, that for 
jigs to be really labour saving, accuracy of workman- 
ship throughout the job is imperative. Thus, in the 
case of a branch which fits against a circular body in 
halves, if the joint of the body is not in the dead 
— of the diameter, the use of a jig would be quite 
utile. 


Tue late Mr. Ed. Litherland, retired metal mer- 
ao of Sandon Road, Edgbaston, Birmingham, left 
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Railway-Chair Foundry. 


Ever since the establishment of the firm in 1865, 
Messrs. Smith, Patterson & Company, Limited, have 
made the casting of railway chairs a specialised branch 
of their business, so that when they entered into pos- 
session of their present works—Pioneer Foundry, 
Blaydon-on-Tyne—a large portion of the foundry 
floor was laid off for this production, other speciali- 


Fic, 1.—OneE oF THE Bays, SHOWING MOULDING 
MACHINE IN BACKGROUND. 


Smiru, Patrerson & Company’s CHAIR 
Founpry. 


ties of the company being axle boxes, fire bars, brake 
blocks and the like, combined with a general jobbing 
foundry. Latterly the demand upon the foundry 
floor had reached a point when extensions became im- 
perative. The company, recognising the impossibility 
of concentrating upon mass production in the general 
foundry, decided that the extension should take the 


Fic. 2.—Snowrnc Patrern DRAWN AND MovUuLp 
on Bocte. 


Smitu, Parrerson & Company’s CHAIR 
Founpry. 


form of an entirely new foundry, which should be laid 
out for and devoted solely to the casting of railway 
chairs, this, as a matter of fact, is the initial step in 
a scheme the company have in mind for laying down a 
series of self-contained foundries for the mass pro- 
duction of particular castings, and ultimately to lay. 
over the present foundry entirely to general work. 
The new foundry, which occupies a building 120 ft. 


long by 100 ft. is covered by a saw-tooth roof, with 
ample north lighting. The girder pillars which carry 
the roof divide the building into six bays, and for 
the last 17 ft. of its length the roof is carried up to 
a higher leve:, so as to provide for a crane runway 
at right angles to the main shop, which carries a 3- 
ton Royce crane. 

The melting plant at present installed consists of 
two 5 in. cupolas, each of a melting capacity of 10 
tons per hour, but. an order has been placed for the 
duplication of this plant. The cupolas charging plat- 
form is served by a hoist, which is driven by a 10 h.p. 
motor. Blast is supplied by a Keith-Blackman fan 
which, driven by a 35 h.p. motor, is equa! to deliver- 
ing up to 6,000 c.ft. per min., at 21 in. w.g., in con- 
nection with the fan, pressure and volume indicators 
are installed. Both cupolas are served by a ladle re- 
ceiver of 30 cwts. capacity, which is travelled on 
an overhead runway between the cupolas. 

At the end of each of the six bays is a turnover 
hand ramming machine, this machine has undergone 
very little change in the last 30 years, and it would 
seem that the mechanically operated machine for 
moulding railway chairs has yet to be evolved. The 
chairs are moulded three at a time, and each machine 


Fic. 3.—Ferriinc Bay. 
Smitu, Patrerson & Company’s Rattway CHAIR 
Founpry. 


turns out 200, moulds, i.e., 600 chairs in 8 hours, the 
moulds are loaded on flat bogies which are wheeled in 
two parallel lines on either side of the machine along 
the plate floor. The casting ladles are of 12 cwts. 
capacity, and as the whole of the floor is served by 
an overhead track of bulb flats, these ladles can be 
transported to the pouring point by youths. The 
chairs are fettled in the end of the shop, to which 
reference has already been made, they are then loaded 
up onto a hopper, which is picked up by the Royce 
crane and delivered to an Avery 5-ton weighing 
machine, from which point a 3-ton derrick crane, with 
a 60 ft. radius, loads them into trucks or on to the 
stocking ground as the case may be. 

The sand-mixing plant is housed im a separate build- 
ing which adjourns the foundry. The mixed sand 
is raised by a bucket elevator, and delivered into a 
bunker, which discharges into a hopper bogie carried 
on a platform above the machines and extending the 
full width of the building. The sand is delivered 
into bunkers. which each hold about 6 tons. For the 
time being the spent sand is being handled in barrows 
in the usual manner, although a complete suction plant 
for dealing with the spent sand, which will be brought 
back to the mixing plant through underground pipes, 
is about to be installed. 
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Continuous Electrodes. 


Proressor JosepH W. Ricuarps, of Lehigh Uni- 
versity, in a Paper recently presented to the American 
Electrochemical Society of Boston, described a Nor- 
wegian invention, the Séderberg self-baking electrode, 
embodying the idea of feeding an unbaked electrode 
mixture continuously to the furnace, the mass being 
baked by the heat of the furnace in which it is being 
used, and the apparatus being so arranged and worked 
that the operation is practically continuous during the 
life of the furnace. The idea therefore entirely dis- 
penses with the use of previously-baked electrodes and 
with their replacement or introduction from time to 
time in the furnace, and gets rid of all troubles with 
joints, waste of stumps, etc. In operation, the baked 
end of the electrode is always in the furnace, while 
the unbaked part is outside, and can be lengthened 


VERTICAL SECTION OF ELECTRIC FURNACE WITH 
Continuous ELECTRODE. 


from time to time as the lower end of the electrode 
is consumed. The heat necessary to bake the mass 
is all conducted from the baked end, or contributed by 
hot gases or radiation, or is partly derived from the 
passage of current through the baked part. 

The electric current is best introduced at the baked 
end. where the hot carbon has become conducting, 
but may, in small electrodes, be introduced higher up 
if an iron casing is provided to carry the current from 
the unbaked part to the baked part. In usual prac- 
tice the movable electrode holder is placed near the 
ton or roof of the furnace, and encircles the iron 


casing in which the electrode mixture is encased. The 
baking takes place comparatively close to the furnace, 
usually at a small distance above the electrode holder, 
when the latter is in its usual position encircling the 


electrode close to the furnace. On the other hand, if 
the design of the furnace requires it, the electrical 
connection may be made higher up, or further from 
the furnace, especially with smaller electrodes, but in 
this case the iron shell must be heavy enough to carry 
the current past the unbaked mass to the baked and 
conducting part of the electrode. The casing is thus 
an important part of the device. It has the function 
of holding the electrode shape and size while new mix- 
ture is being added; also of protecting the carbon 
from exposure to the air, and consequent combustion 
before it enters the furnace. 

Professor Richards spent some time last year inspect- 
ing the operation of a Séderberg electrode at Fiskaa, 
near Christiansand, Norway. 

The raw electrode mixture is practically the same 
as is used in ordinary carbon electrodes. In order to 
obtain a higher conductivity in the baked carbon, the 
anthracite used is usually semi-graphitised in an elec- 
tric furnace. 

The iron casing is made in sections of suitable 
length, which varies with the size of the electrode 
and the conditions of its use. Each section is made 
alike, and new ones are riveted or welded to the old 
ones to elongate or extend the electrode. The indi- 
vidual sections are constructed of several longitudinal 
segments, which are bent at a right angle. so that 
one part forms part of the wall of the section while 
the other part projects inwardly towards the centre 
of the circular section, forming a rib or partition 
which will extend into the electrode mixture. These 
partitions are pierced with holes or ‘“‘ ports ’’ to keep 
the mixture united through the ribs, and thus prevent 
its separation from the sheet-iron partitions. The 
outer shell is pierced with numerous holes, which are 
punched, chiselled, or drilled, to allow free escape for 
tar vapours 

With the contact holder clamned close to the fur- 
nace, thin sheet iron is used for the casing, 20 to 
26 gauge. With smaller electrodes and the air-cooled 
holders clamped to the upper part of the electrodes, 
sheet of 16 to 20 gauge is used. In the latter case, 
the iron has sufficient cross-section to carry the whole 
current. The 34-in. electrode seen in operation at 
Fiskaa was ecarrving 23.500 amnéres, giving an aver- 
age current density of 4.2 ampéres per sa. cm. The 
cross-section of the carbon in this electrode is 
5.670 sq. cm. and that of the iron 77 sq. cm. The iron 
alone should be able when cold to conduct all of this 
current without serious heating, making the electrical 
conductance of the cold electrode virtually independent 
of the carrying power of the carbon mass, whether it 
is baked or unbaked where current is passing. 

The operation of lengthening the electrode consists 
of placing a new section of iron casing on top of the 
electrode. and either bolting, riveting, or welding it 
into position. The stamping-in of the electrode mix- 
ture, properly warmed to make it soft, is done either 
by hand ramming or by compressed-air hammers. An 
automatic machine can be used for this work when the 
inner construction of the iron casing is not too com- 
plicated. In starting an entirely new electrode, it is 
built up of several sections in the manner indicated, 
and the lowermost section is then haked bv a mode- 
rate wood fire piled around it. This solidifies the 
lower section. so that the entire electrode can be lifted 
and nut in place in the furnace, the holder adjusted. 
and the current turned on. The electrode rests at first 
on some coke piled on the bottom of the furnace, and 
a small current is put on at first, rising gradually to 
full density. The holder may be of any usual design. 
That used on the 34-in. electrodes at Fiskaa is octa- 
gonal, having eight water-cooled contact pieces, each 
32-in. high, and made of brass. Clamps enable jt to 
be screwed tightly in place; it can be moved when 
necessary, which may only once or twice a week, 
with only a few minutes’ interruption of the current. 

Our illustration shows a vertical section of an elec- 
tric furnace making ferro-silicon and using a continuous 
electrode. ‘The new addition to the electrode is shown 
in dotted lines at the top. The sheet-metal casing 
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descends with the electrode and is consumed with the 
carbon mixture. 

Baked carbon taken from the furnace end of a 
Soderberg electrode is dense, hard, and of the ordinary 


quality of previously baked electrodes. It shows in 
this respect no difference. Laboratory tests at Fiskaa 
on such specimens have shown:—Specific gravity about 
1.5; electrical resistivity (cold), 0.007 ohm per cuh 
em.; crushing strength, about 2,140 lbs. per sq. in. 

Continuous electrodes obviate the shut-downs which 
are necessary when built-up previously-baked electrodes 
are being changed or renewed, and this continuity of 
running is undoubtedly of great advantage. Besides 
they are much cheaper than ordinary electrodes. 

In the period July 22-August 11, the electrode con- 
sumption at Fiskaa was taken during a regular run. 
The electrode had been in continuous work a little 
over three weeks in a single-phase ‘furnace of common 
type, with bottom electrode, employed in making 50- 
per cent. ferro-silicon. No breakages took place, and in 
consequence no disturbances of the running occurred 
from this cause. e average electrode consump- 
tion was about 53 kg., not including the iron of the 
casing, per metric ton of ferro-silicon produced. The 
furnace construction, however, caused a considerable 
phase displacement of the current (Cos. @ about 0.63) 
and considerable electric energy was also lost in the 
iron work around the furnace. For these reasons this 
electrode consumption is considerably greater than it 
would have been if the electrical conditions had been 
more favourable. 

In the whole period the interruption of the current 
caused by stoppages for lifting the electrode holder 
lasted 51.5 min., divided between six separate liftings 
of the holder and contacts. The contact ring lifted 
at one operation was about 12 in., consuming four 
minutes, during which time the current was taken off 
the furnace. Usually it can be assumed that inter- 
ruption of the current for this purpose is necessary 
every third or fourth day, and only for about five 
minutes each time. The specific resistance of the hot, 
baked electrode (carbon and iron) based on a drop 
of voltage of 0.5 volt between points 12 in. apart. is 
equal to 0.00402 ohm per cub. cm. The electrical 
and thermal conditions vary somewhat with the posi- 
tion of the electrode holder. This is particularly true 
of the contact resistance between the contact pieces 
and the iron casing of the electrode. 

The power-house conditions did not permit a greater 
voltage on the low-tension side of the transformer than 
about 50 volts, on account of the high amperage which 
was necessary in order to thoroughly test the elec- 
trode. Because of these electrical conditions the 
electrode had to work quite deep in the charge, and 
consequently a greater electrode consumption was 
recorded than would have been necessary under more 
favourable electrical conditions. The electrode worked 
in all respects fully satisfactorily and no annoyance or 
trouble was experienced from tar vapours, which are 
expelled slowly by reasons of the slow baking. 

The use of the continuous electrodes will undoubtedly 
show advantages in open or partly closed furnaces 
such as are at present used for the vroduction of 
various ferro-allovs, calcium carbide and similar pro- 
ducts. Especially will this be the case where it 
replaces built-up electrodes with contacts for conductors 
placed on the upper end. Electrodes of still greater 
size than the 34-in. electrode at Fiskaa can undoubtedly 
be made and operated, which will be of particular 
advantage when replacing the largest sizes of built-up 
electrodes, with consequent saving in electrode material, 
labour. time and expense. In closed furnaces with 
vertical electrodes such as steel furnaces. and where 
these are not exposed to any considerable lateral 
pressure from the charge. the use of continuous elec- 
trodes may be also of advantage. 


Tue CHemicat ENGINEERING & WitTon’s PATENT 
Furnaces Company. Loitep, have established offices 
at 76, Victoria Street, S.W.1. 


Use of Microscope in Malleable- 
Iron Industry. 


By Enrique Toucepa, ALtBANy, N.Y.* 


A few years ago, about the only test made to ascer- 
tain the physical properties of malleable castings, 
except in the case of certain plants, was the bending 
of a casting to destruction, not only with the object 
of discovering whether or not the metal was ductile, 
but for the purpose of inspecting the fracture. The 
characteristics of the fracture, if correctly interpreted, 
were known to be of value in locating the trouble in 
castings that were inferior. In general, it was found 
that if a casting of medium or heavy section would 
bend through a wide angle before failure took place, 
the fracture in the majority of cases would have a 
black velvety appearance; while if it was held at dif- 
ferent angles to the direction of the rays of light, it 
would show a change of colour and an iridescent sheen. 
But an inferior air-furnace heat or anneal might 
yield castings which, if thin and consequently largely 
decarburised, could be bent double on themselves end 
still not possess the fracture described. If, on the 
other hand, a casting broke short, its fracture might 
have one of a great many different colour and struc- 
tural peculiarities. Depending on the cause of the 
trouble, such castings might have any of the fracture 
ee, of which the following is but a partial 


A uniform lustreless black colour throughout, except 
at the decarburised border. 

A uniform steely appearance throughout, there being 
quite a variety of fractures under this classification 
from a very white to a greyish colour. 

A coarsely granular steely border of varying depth, 
melting gradually into a core of much darker colour. 

A dark, mouse-coloured sparkling fracture throughout 
except when decarburised at surface. 

A black sparkling fracture throughout, except at 
decarburised surface. 

A steely border, sometimes very granular, and at 
other times of porcelainic texture of varying depth, 
having a sharp line of demarcation between it and the 
core contained within it. 

A light or dark dove-coloured border of varying 
depth, having a sharp line of demarcation between it 
and the core that it surrounds. 

A black border surrounding a steely white core, 4 
sharp line of demarcation divding the two. 

The foregoing descriptions have been given princi- 
pally to make clear that it was the invariable custom 
to inspect carefully the fracture of any broken casting. 
When the pots were withdrawn from an annealing cven 
and dumped, various castings were selected for the 
bending test. If any broke short, the annealer and 
melter, and, perhaps, the superintendent, would try 
t» locate the cause of the trouble. But it was seldom 
that any two of the men were in accord as to why 
ductility was lacking or what corrective measure might 
rectify ‘the condition. The annealer would endeavour 
to shift the responsibility to the melter, while the 
latter would complacently state and insist that inas- 
much as the hard iron castings were similar in all 
particulars to previous air-furnace heats that had but 
recently annealed in a_ sitisfactory manner, it was 
plain that the trouble was that the castings had been 
under or over annealed, etc. The consultation would 
invariably end with nothing definite being determined 
because the opinion given in each case was unaccom- 
panied by tangible proof. Matters were rendered more 
uncertain and further complicated, by reason of the 
fact that the castings from three or four air-furnace 
heats are annealed together in the same oven; it is 
unpractical to keep the castings from various heats 
separated, due to which the air-furnace heat to 


* February Meeting, American Institute of Mining an d 
Metallurgical Engineers 
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which belonged the casting under discussion cannot be 
identified. 


Structural Characteristics of Malleable-iron Castings. 


—As a partial list of fracture characteristics has been 
given, it is pertinent at this point to make a similar 
one covering the various structural characteristics that 
are encountered from time to time. This will neces- 
sitate a division of the list into two classes, which 
must be considered separately for the reason that an 
anneal may be conducted with most painstaking care 
and precaution and the castings have an abnormal 
fracture and structure, in the event that the composi- 
tion of the hard iron castings is such as to inhibit, in 
part or almost wholly, the breaking up of the carbides ; 
while, on the other hand, the hard iron composition 
may be the most desirable, and an abnormal structure 
result solely from failure to observe those conditions 
vital to a correct anneal. If a hard iron casting of 
correct composition is efficiently annealed, its struc- 
ture will consist of a ground mass of ferrite, through- 
out which will be quite uniformly distributed a num- 
ber of airly well-rounded nodules of free carbon the 
fewer the number and the smaller the nodules, the 
greater will be the ductility of the metal. 

Irrespective of whether the castings have been placed 
in an active packing, one containing a certain rer- 
centage of iron oxide, or in one that is inactive, such 
as ashes, sand, ground firebrisk, etc., there will always 
be found a surface border in the section that has been 
almost completely decarburised, of a depth that will 
vary from one that is hardly noticeable to one that 
will at times exceed 1-16 in. The writer believes the 
foregoing to cover what can be considered a perfectly 
normal structure for annealed malleable cast iron, 
although if a slight outer layer of pearlite is found, 
surrounding an inner ring or layer of ferrite that is 
located between the former and the metal enclosed 
within these two layers, or if the position of the fer- 
ritic and pearlitic layers is reversed, the structure 
should still be considered norma! under the assumption 
that the pearlitic layer, irrespective of location, is not 
high enough in carbon to make machining difficult. 

ground mass of ferrite—particles ot free carbon 
distributed quite uniformly throughout—associated 
with a small amount or, at times, a great abundance 
of free cementite, indicates that the annealer failed to 
raise and hold the oven to a temperature in excess of 
the critical, or that the casting was not held long 
enough above the critical temperature to accomplish 
completely the breaking up of the carbides. 

The presence in the ground mass of considerable 
pearlite, with rings of ferrite surrounding the particles 
of free carbon, indicates too quick cooling through the 
critical range. If these characteristics are confined to- 
ward the outer portion of the section, the rate of cool 
ing was but slightly too rapid; if they exist through- 
out the section the cooling was much too rapid. 

A structure normal in all particulars except for the 
presence of an outer rim of pearlite, corresponding to 
a steel of from 0.60 to 0.85 per cent. carbon, con- 
taminated at times by the presence of considerable 
free cementite indicates the presence of a carburising 
atmosphere in the pot. 


Structural Characteristics of Property-Annealed 
Castings that show Abnormal Structures due to 
an Incorrect Hard Iron Composition. 

A fairly uniform ground mass mixture of ferrite 
and ore throughout which are quite uniformly 
distributed particles of free carbon, ielleobes very low 
silicon or manganese or both. 

A ground mass of pearlite throughout which ere 
quite uniformly distributed particles of free carbon 
indicates very high manganese 

A ground mass mixture of ferrite and pearlite, sur- 
rounding which is a layer of pearlite and surrounding 
the latter a ring of decarburised metal, may be caused 
by a number of conditions. 

A ground mass containing more or less primary 


graphite indicates that the hard iron was contaminated 
with uncombined carbon. 


Value of Microscope in Malleable-iron Industry. 


Up to a comparatively few years ago diagnosis of 
the fracture was the chief means -employed tor deter- 
mining the cause for the superiority or inferiority of 
the metal in the castings, and as, for the same hard 
iron composition, the appearance of the fracture will 
vary to a considerable extent, the higher the temper- 
ature of anneal, the diagnoses were frequently incor- 
rect. The writer knows of no metallurgical industry 
in which the use of the microscope has proved so indis- 
pensable as in the manufacture of malleable-iron cast- 
ings. He is also positive that there are many troubles, 
the exact cause of which cannot be definitely located 
without its aid. 


The Rockwell Hardness Tester. 


A new hardness testing apparatus, called the Rock- 
well hardness tester, is now available which, it is 
c.a.med, will test shapes of various metals which the 
Brinell and Scleroscope machines cannot and which 
fits nearly all the hardness testing requirements occur- 
ring in manufacturing to-day. A description of the 
machine, which is put in the market by its inventor, 
S. P. Rockwell, 122, Dickerson Street, Syracuse, N.Y., 
is as follows :— 

A sturdy hollow cast frame, together with a plunger 
which holds the testing point at one end, abuts against 
a delicate measuring device at the other end. A series 
of levers with knife edges connects this plunger with 
a weight. By shifting the position of this weight, 
more or less weight can be applied to the testing point 
at wll to suit conditions of the work. Application 
and release of this weight, called the final weight, is 
controlled by a hand lever. A vertically movable 
chuck, notched and flat, holds the work. The chuck 
is actuated by a hand wheel. 

The article to be tested is placed on the chuck, 
round section in the notch, flat sections on the flat 
surface. The work is raised on the chuck by the hand 
wheel till it comes in contact with the testing point. 
At this moment an initial pressure is applied through 
the point to the work. This initial pressure is to 
cause the point to break through the light scale, de- 
carburisation, etc., in order to more nearly test the 
true metal beneath. The upward movement of the 
work is continued until the plunger has actuated the 
measuring device to a degree sufficient for testing. 
The final weight is then applied by the hand lever and 
released. The hardness is read direct by the difference 
of the testing point’s position indicated by the measur- 
ing device. The chuck is then lowered by the hand 
wheel, the article removed or shifted and another test 
made. <A degree of elasticity of the metal is also 
determ'ned by noting the measuring device or test 
pcint difference from final pressure to initial pressure. 
The average operator can make six tests per minute. 
By practice twelve tests can be made. 

The greatest value of this machine for shop use is 
as a comparative tester. The indicating dials as fur- 
nished with the regular equipment are of standard 
form. For comparative work hardness limits are 
established by Brinell, Scleroscope, file or working 
tests. The Rockwell hardness tester is then set for 
the particular class of work to be tested and the Rock- 
well limits established. According to the customer’s 
desires and at a small additional cost the indicating 
dials can be calibrated in Brinell or Scleroscope or per- 
centage hardness, using electrolytic iron as zero per 
cent. soft. 


SwitcuceaR & Cowans, LriTep, are about to remove 
from Springfield Lane to new works at Elsinore Road, 
Old Trafford, Manchester 
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NOTES AND COMMENTS. 


Industrial Fatigue and Safety. 

The question of industrial fatigue has been raised 
again by the governors of St. Mary’s Hospital, who 
are inviting certain big manufacturers and merchants 
to found a Chair of Industrial Medicine; they hope 
for a favourable answer because the proposed Faculty 
is intended to make the “ human machine ’’ more use- 
ful in industry. One idea in the new scheme is that ex- 
perts shall be attached to factories in order to see that 
the human machine does not take too much out of 
itself. The cult of scientific management in the way of 
getting the maximum amount of work with the mini- 
mum of fatigue has been widely adopted in America, 
especially under what is known as the “ T Taylor 
System.’’ The results are not yet sufficiently numerous 
and’ conclusive to be tabulated as industrial laws, but 
it is already evident that the old factory system was 
not only very injurious to the worker’s health, but 
uneconomic from the employer’s point of view. It is 
clear enough that work is not likely to be well done if 
it is monotonous or continued for too long spells. 
Breaks are useful to relieve the tension, and mere dul- 
ness may be as bad as fatigue. Builders of factories, 
just like builders of schools, now aim at making them 
attractive and even home-like to the workers. Whether 
what is called “welfare work’’ is appreciated by 
employees is another question, for it is often regarded 
as an interference with liberty ; and in a sense it is so. 
While the Trade Unionist appears anxious to have 
uniform hours of labour in nearly all occupations, 
“ scientific management ’’ will show, easily enough, 
that this is not a good plan. Evidently the number of 
hours that a man can work in a day must depend on 
the kind of work which he is doing, and a very large 
amount of investigation will be necessary to cover all 
the trades concerned. However, there is certainly much 
to be said for any system that has for its object the 
reduction of fatigue and the raising to a higher level 
the efficiency of the worker. 

Closely allied to the question of fatigue is that cf 
safety. In connection with this important subject a 
conference arranged by the British Industrial Safety- 
First Association was recently held at Olympia on 
means of reducing the number of industrial accidents. 
In the course of the discussion, Mr. Gerald Bellhouse, 
Deputy Chief Inspector of Factories, said that during 
1919 the Home Office received reports of 1,384 fatal 
accidents, 40,000 accidents due to machinery, and 
84,000 non-machinery cases. These figures represented 
an immense economic loss to the nation, to industry, 
and to the workers. Accidents must generally be attri- 
buted to negligence, want of thought, or want of in- 
struction. ‘Twelve years’ experience in America had 
shown that with a proper safety organisation 75 per 
cent. of all accidental deaths and injuries could be 
eliminated. He urged the appointment of a safety 
engineer or inspector in every factory, that the co- 
operation of the foremen should be obtained, and that 
safety committees should be formed of representatives 
of the — kers and of the management. According to 
Dr. J. F. Bridge, Medical Inspector of Factories, 
2,500 mk, cases had been reported to the Home Office 
in three months. All these were preventible. Iodine 
could be applied at once in the work-room. Every 
employee should be instructed in the necessity of 
having all injuries, no matter how trivial, treated st 
once, and he should realise that it rested with him 
whether the injury became septic or not. Bearing upon 
the question of fatigue resulting from ill-health, Mr. G. 
Havinden, managing director of Delectaland, said 
there was a distinct connection between the personal 
health of the worker and his liability to lapses leading 
to accident. No mechanical devices could prevent the 
majority of accidents, which were due to insufficient 
alertness. Workers should be trained in hygiene, and 
precautionary measures might be taken to guard, for 
instance. against outbreaks of influenza in winter. 

Mr. C. K. Atkinson, describing the safety-first 
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organisation at Port Sunlight, said all new employees 
were instructed on safety lines, and every accident was 
immediately investigated. ‘The employees themselves 
had made numerous suggestions, and the result of the 
organisation had been a reduction of accidents by 50 
yer cent. in 1917, by a further 12 per cent. in 1918, and 
by 5 per cent. in 1919. 


The Industrial League and Unemployment. 

The Industria! League and Council, realising the 
importance of bringing as much light to bear on the 
subject of unemployment in the various industries, 
recently arranged a meeting of prominent representa- 
tives of labour and employers, at which Mr. H. V. 
Roe read a logical and closely reasoned paper on ‘‘ Un- 
employment and Bankruptcy, the Spurs to Progress.”’ 
Every issue involving unemployment that could be 
thought of was introduced and debated from the point 
of view of both the labour as well as the employer 
representatives. ‘The conclusions reached were that : 
(1) Each industry should form a Joint Industrial Coun- 
_cil of employers and employed, at which all the inci- 
dents of unemployment should be thoroughly and 
scientifically investigated. (2) Each industry should 
decide whether it is possible for the industry to main- 
tain and supervise its own unemployed. (3) The repre- 
sentatives of all the Joint Industrial Councils should 
then meet and consider whether unemployment should 
a by each industry or by all industries as a 
whole. 


Chain Doors for Furnaces. 


Many makeshifts have been devised to avoid the ad- 
verse conditions arising from the opened furnace door. 
What has been demanded is a door or shield that would 
permit a clear, unhampered view of the interior of the 
furnace or oven; would not in any way interfere with 
the free manipulation of the tools required to care for 
the interior; yet a door that would keep the heat in 
and the cold air out; in other words, a door which 
should possess at the same time the qualities of opaque- 
ness, transparency, and’ penetrability. This was a 
seeming impossibility until the chain door was devised 
by an American inventor. An article on the subject in 
the ‘‘ Scientific American”’ states that these chain- 
screen doors, in the form used mostly around metal, 
glass, and chemical furnaces, consist of a multitude of 
freely hanging individual strands of steel chain sus- 
pended close together from a bar to form a continuous 
sheet or curtain of chain. This curtain of chain, hung 
before the uncovered opening to a furnace, effectively 
hinders the heat, glare, gases, and sparks from leaving 
the furnace and checks the entrance of cold air. The 
loosely hanging strands of light chain are parted with 
ease and pressed aside by the tools and other objects 
projected into the furnace, only to fall together again 
when entrance has been effected. The interstices in 
the links of chain permit an unhampered view of the 
interior—in fact, a better survey may be obtained than 
under ordinary conditions, as the glare is toned down 
and the effect is similar to looking into a furnace 
through a piece of wire gauze. 


THE FORD STEEL PLANT.—tThoe Ford Steel plant. 
near Detroit, Mich., operated by Henry Ford, head 
of the Ford Motor Company, has inaugurated active 
production, and while the project is far from com- 
pletion, the initial units will be placed in service as 
soon as ready. The works are located on the River 
Rouge, with site comprising close to 1.000 acres of 
land. The first of four blast furnaces is now operating, 
while coke ovens, chemical works, gas plant and sub- 
sidiary branches of operation will soon be placed in 
service. The second furnace will be placed in blast 
at an early date. Space has been provided for four 
additional blast furnaces. another foundry and other 
buildings, and these will be constructed in the future. 
The ore docks were completed some months ago. Pro- 
duction at the plant will be used for the motor car 
works. 
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British Engineering Standards 
Association. 


We have received from the Secretary of the British 
Engineering Standards Association (28, Victoria Street, 
Westminster, S.W.1) copies of the following two new 
publications:—(1) Report on Milling Cutters and 
Reamers ; and (2) Standard Notched-Bar Test Pieces. 


Milling Cutters and Reamers, 


This Report (No. 122—1920) deals at some length 
with “ British Standards for Milling Cutters and 
Reamers,’’ and gives the results attained in the 
standardisation of the nomenclature and definitions of 
these tools. A large number of tables of dimensions 
and tolerances are included, and an index is added for 
ease of reference. The work was undertaken in re- 
sponse to a direct request from the small-tool and 
machine-tool makers of the country to fill a recog- 
nised need. 

A conference was convened, and thoroughly repre- 
sentative panels, including manufacturers of tools, 
makers of machines, and users of them, were appointed 
to carry out the various sections of the work, who met 
in the various centres of the tool industry. 

The tools considered were divided into four classes, 
namely :—(1) Non-relieved cutters; (2) end mills; (3) 
form relieved cutters; and (4) reamers. The Report 
begins with definitions of the various classes of mill- 
ing cutters and reamers, followed by a series of defini- 
tions of various types of each class, each type being 
accompanied by an explanatory diagram. Part 2 con- 
tains 58 tables giving the standard dimensions and 
tolerances of the various tools, including tables of 
Brown & Sharpe and Morse tapers. Standard dimen- 
sions of arbors, keys and keyways are also given. 

The price of the Report is 1s. 3d., post free. 


Standard, Notched-Bar Test Pieces. 


The other report (No. 131—1920), issued by the Asso- 
ciation, deals with the standardisation of test pieces for 
the notched-bar test. This subject had engaged the 
attention of the Association for some considerable time 
past, and the Committee, under the chairmanship of 
Dr. W. Cawthorne Unwin, had had the benefit of much 
experimental and research work carried out at the 
National Physical Laboratory with funds provided by 
the Department of Scientific and Industrial Research. 
The Aeronautical Inspection Department of the Air 
Ministry had also co-operated, as well as a number of 
manufacturers, including Sir Robert Hadfield. 

The Report begins with a short description of the 
usual snatade adopted for fracturing test pieces, usefu! 
notes and data being given of the principal machines 
used in tnese tests, viz., those of Charpy, Izod, Fré- 
mont, Amsler, and Guillery. The actual form of notch 
is dealt with, and this is followed by the dimensions 
recommended for the British Standard test pieces (10 
mm. by 10 mm.) and for subsidiary standard test pieces 
of smaller cross sections (10 mm. by 5 mm. and 5 m. 
by 5 mm.) for use when the 10 mm. by 10 mm. cannot 
be obtained conveniently. The Report concludes with 
a useful series of plates illustrating to scale the various 
test pieces dealt with, the direction and point of impact 
of the pendulum or falling weight of the testing machine 
and grips for holding the test pieces. The two alterna- 
tive notches recommended for B.S. practice are 2 mm. 
and 1.5 mm. deep respectively, the angle of the slopes 
of the notch being 45 deg. and the root radius 0.25 mm. 
in both cases. 

The price of this Report is 1s. 2d., post free. 


A LARGE crane, constructed during the war in 


Holland, and originally intended for Russia, has been 
purchased by the Mersey Docks and Harbour Board. 
The crane is capable of lifting 200 tons to a height of 
170 ft 
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Institution of British Foundrymen. 


The following is a report of the discussion on papers read at the Annual Conference of the Insti- 


tution held in Glasgow during August. 


For the papers see our last issue. 


Future Research in Cast Iron. 


By J. H. Anprew, D.Sc. 


The author made the following introductory 
statement before reading the paper :— 

This paper is but a very brief résumé of a few 
of the methods that might be applied to cast- 
iron problems. It, in fact, only touches the 
fringe of the subject; the whole idea in presenting 
it being to obtain from the members an indication 
of the types of problems that are requiring 
immediate solution, in order that we may in the 
near future make some attempt at the Royal 
Technical College to solve them. Although the 
greater part of my experience has been with steel, 
particularly on the treatment side, I fully realise 
that in Glasgow we have a huge foundry centre, 
and in order that the College may meet the needs 
of this City, I propose amongst other things to 
attempt at least to carry out research work con- 
cerning foundry practice. 

Mr. S. G. Smitn said he would have iiked to 
discuss the cupola. However, there were probably 
too many sides to that subject, and it was just 
as well to leave it alone. He desired to make one 
point, namely, that more blow-holes were caused 
through bad moulding than arose from metal in 
the cupola. Adverting for a moment to Mr. 
Catheart’s paper, he recalled many years ago 
that a chemist came to his foundry and an 
arrangement was entered into that if the 
scientific man would impart his ideas he 
(Mr. Smith) would, in great measure, endeavour 
to recompense him for his trouble. The chemist 
and he worked harmoniously together for a good 
number of years to the mutual advantage of both. 
Regarding this subject of research, it would be 
conceded, he thought, that those of them who were 
interested in engineering works had to deal with 
all sorts of problems and a variety of tests. These 
tests included physical tests, water tests and tests 
relative to segregation. On that account it seemed 
to him they needed all the practical and scientific 
knowledge they could elicit. For example, he had 
in mind at the moment an incident in his own 
experience which had relation to the nozzles and 
diaphragms in turbine engines. There it seemed 
to him they had a problem which was all-suffi- 
cient in itself. He had seen these castings turned 
out now for many years—both iron and steel— 
and it appeared to him that the steel castings 
came off best. He had seen steel castings that 
looked splendid come back again after an interval 
of probably five or six years in the most dreadful 
condition. Some eighteen months ago, just before 
he left the inside of the foundry, he made and 
prepared four specimens of complete castings 
under working conditions. These four specimens 
were of different composition and constitution. 
The conditions of casting were also different, and 
varied in several respects. The proposal he made 
then was that these castings should be put under 
“a working conditions’ test” for two years, 
and that periodically—at the end of every three 


months—they should be taken out and examined. 
The idea of these periodical tests was to note any 
alteration in structure or indeed to derive any 
information whatever that would be valuable. He 
considered at that time that if some research along 
these lines could be systematically and periodically 
carried out by scientific men it would lead to 
something useful and informative being ascer- 
tained or discovered in regard to these castings. 
At the present time the whole thing was very much 
of a problem, because there was no denying that 
these castings did not last sufficiently long on tur- 
bine engines. He hoped there would be a possi- 
bility of research work in that direction. 

Permission was asked at this stage to read a 
communication which had come from Mr. John 
Shaw, but the President ruled that the letter 
should not be read since it raised a point which 
he had indicated at the outset ought not to be 
discussed. 

Mr. F. J. Coox, Birmingham, felt that the 
communication from Mr. Shaw ought to be read. 
Dr. Andrew was asking for points in reference to 
research, and Mr. Shaw’s communication, he 
understood, raised such a point. He believed the 
matter referred to by Mr. Shaw dealt with oxide 
in iron, and if that subject was taken up by the 
author it might lead to good results He did 
not find himself altogether in agreement with 
Mr. Smith that the cause of a blow-hole was prin- 
cipally due to bad moulding. Personally, his own 
opinion was that nine-tenths of the blow-holes were 
due more to the metal than to the moulder. When 
he read the paper he had rather the feeling that 
the first paragraph contained something in the 
nature of a libel against the intelligent foundry- 
man. The average intelligent foundryman, in his 
(Mr. Cook’s) opinion, was auite alive to the short- 
comings of the microscopicai examination to which 
the author had referred. Foundrymen were, as a 
rule, quite alive to the things the microscope 
did not show, and quite anxious that some one 
should tak> the work in hand and educate them 
in regard to other phenomena. One such subject 
foundrymen would particularly like to see gone 
into was this question about the oxides in iron 
raised by Mr. Shaw. 

Mr. Suersurn, Warrington, thought 
one fruitful line of research that might possibly 
be gone into was that of cupola practice, because 
in these days fuel was at such an enormous price. 
Not only was the fuel high in price, but in many 
cases it was of somewhat indifferent quality. 
Frankly, he thought the position to-day with 
regard to foundry coal was perhaps worse than 
ever it was, and he felt the Institution should lend 
its aid towards arriving at some good system cf 
cupola practice. If a lead could be got from some 
authoritative source it would relieve many foun- 
drymen who were labouring under most difficuit 
conditions indeed. The same remark also applied 
with regard to slacks. He did not at all agree 
with the argument advanced that they should use 
as little limestone as possible. Indeed, his own 
policy would rather be to go to the other extreme. 
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Still, if they could get some authoritative infor- 
mation on the general question of cupola practice, 
he was satisfied it would be of great benefit gener- 
ally to the Institution and its members. 

Mr. B. Hirp, Reading, asked Protessor Andrew 
if the instrument he had described could be made 
sufficiently delicate as to test the expansions 
and contractions of steel springs. He was refer- 
ring, of course, to the ordinary coil springs. 

Mr. Hopeéarr said that at a recent meeting of 
the Scottish Branch an interesting paper was 
read which developed the idea that the coal and 
iron should be brought as near the melting zone 
as possible. That was a subject to which a great 
deal of research might he applied. 

Mr. Harsno (of Japanese nationality) 
contributed a few remarks to the discussion. His 
main argument appeared to be that the Japanese 
could mak» as good pig-iron as Britain did, but 
unfortunately, Great Britain was sending to Japan 
coal of rather inferior quality, which was retard- 
ing and prejudicing the native manufacture of 
pig-iron. 

Mr. H. Core Ester, London, said it had always 
seemed to him that the reports and analyses of 
scientific experts suffered because they were 
couched in the language of the scientist which no 
ordinary foundryman cof#ld understand. In the 
United States they had reviewed a good many valu- 
able papers, and had endeavoured at times to 
translate them into the vernacular that was neces- 
sary for the practical man’s comprehension. 

Mr. W. Mayer, Dumbarton, said he should feel 
glad if Professor Andrew would take up the sub- 
ject of oxide and tell them what it was. Other 
equally fascinating researches might be carried on. 

Proressor AnpRew briefly touched on the points 
raised in the course of the discussion... He was 
indebted to Mr. S. G. Smith for the information 
he had given regarding nozzles and diaphrams 
in turbine engines. He was sorry if, as Mr. 
Cook suggested, he had libelled the intelligence of 
foundrymen. Amongst steel users, at any rate, 
there was such an impression as he had hinted 
at in regard to the use of the microscope. With 
regard to research work on oxides, he admitted 
that was an important undertaking. It rather 
struck him that this was a piece of work that lay 
more legitimately to the hand of the practical 
man who can command some capital. It was 
quite true that a certain amount of scientific 
research could be correlated to the practical in this 
research on oxides, and probably in the whole cir- 
cumstances it was pre-eminently a case for a 
combination. He could give them an assurance 
that if he could get in touch with people on the 
practical side who were willing to collaborate and 
help he should gladly take up the question of 
oxides. He did not quite follow the information 
that was actually wanted regarding steel springs. 
The apparatus he referred to could only be used 
for small expansions. While he had no great 
experience of steel springs, he thought he could 
go the length of saying, without hesitation, that 
the instrument would hardly do for that work. 
With regard to the matter of fuel, he thought 
that, too, was a point turning more to the prac- 
tical side. To his mind, the fuel question was 
purely one for the foundryvman. On the matter of 
technical language employed too copiously in 
scientific reports, he could recall that he once had 
a report returned to him suggesting that he ought 


not to use such a scientific term as the word 
‘* segregation.”’ After that he gave up the idea 
of ever being able to write out simple reports. 

On the call of the President, a vote of thanks 
Was passed to the author. 


Science in the Workshop. 


By W. H. Carneart, D.Sc. 

Tue Presipenr remarked that in his paper Dr. 
Cathcart made reference to a book of some value 
and interest, but with characteristic modesty he 
had omitted to say who the author of the volume 
was. The author was the writer of this paper, 
and he could assure them that the volume was 
most helpful and instructive. 

Mr. Gatton said that of scientists, he 
had often the impression that they took them so 
far and left them there to grope along as_ best 
they could. As members of the Institution, they 
knew that science must take its place in the work- 
shop, but it appealed to him as a sound reason- 
ing from experience that scientists did not go far 
enough with them. For example, there was that 
litile incident in the paper about steel. Dr. 
Cathcart told them about making that steel good, 
but he did not quite tell them how he made it 
good. The author accused the forgeman as being 
the individual who was at fault; but the man 
who was at fault for the steel not being tempered 
to the proper degree was the scientist, since he 
had not told the forgeman how that steel was 
passed. The forgeman might have been working 
with steel tempered in water, or it might, on 
the other hand, have been steel tempered in air. 
It seemed to him (the speaker) that the forgeman 
ought to have been made fully acquainted with 
the exact position. There was still another point 
in the paper—that reference to a piece of steel 
heated in the centre which broke at 700 degrees. 
There, again, the author left them in the dark. 
Why did it break at 700 degrees and not at 1,200 
degrees? If Dr. Cathcart would elucidate these 
points still further, they would doubtless have 
more information on the subject than they pos- 
sessed at the present time. 

Dr. Catucart, in replying specifically to 
Mr. Gallon, indicated that he quite appre- 
ciated that gentleman’s difficulty. At the same 
time, he hoped that everyone present would 
understand that the point raised by the previous 
speaker was quite outside the scope of the pre- 
sent paper. It would require a paper much 
longer than the present one to discuss alone the 
subject raised by Mr. Gallon. He had set two 
specific examples before them, and he thought he 
was doing nothing out of place in asking them 
to accept his statement as to how the steel was 
made. If a craftsman would set about studying 
the scientific side, he would soon be able to appre- 
ciate and to understand how things were done. 
It had taken him personally a long time, in addi- 
tion to the expenditure of money, to acquire the 
knowledge he was dealing with in the paper be- 
fore the Institution. This was not fancy steel 
that was being dealt with; it was ordinary steel. 
It was ordinary steel that failed te come up to 
the required test, and that was the point he was 
chiefly concerned with. His complaint was that 
the practical forgeman ought to have known the 
position. In view of the many years scientists 
had been working with them, and giving them 


information along the lines desired, the forgeman 
ought to have been fully alive to the position. 
It was the business of such men as Mr. Riddell, 
the President, and himself (the speaker), who 
knew that valuable knowledge could be derived 
from the scientific side, to get the practical men 
to grasp and understand that. The practical 
man had to be taught to appreciate the fact that 
this super knowledge pertaining to his work 
could be got if he applied-his mind to the acqui- 
sition of it 

Mr. Macrartanr, Shropshire, observed that he 
was very keen for information on this question 
of science in the foundry, and he had been en- 
deavouring to obtain it for a good many years 
at the various meetings under the auspices of 
the Institution of British Foundrymen. Classes 
were about to be started for young men in a 
country district, and, as he was interesting him- 
self in this work, he was wondering if Dr. Cath- 
cart, from his experience, could suggest to him 
any sciertific textbook that might be introduced 
in connection with such classes? 

Mr. R. Bucnanan, F.R.S.A., Birmingham, said 
this was a paper which was thoroughly in sym- 
pathy with the principles that some members of 
the Institution had been advocating for a good 
many years. The paper was to a large extent an 
advocacy of full control by the practical man of 
operations in the foundry and workshops, and, 
of course, that was rather opposed to the idea of 
control from the laboratory. He quite agreed 
with the author as to the desirability of that. 
His own experience went to show that, when the 
laboratory side got a strong hold of a workshop 
and its administration, it was because the prac- 
tical men had failed to grasp or fulfil the whole 
conditions necessary. He believed he himself had 
said long ago that, if the practical men were not 
fit to take over the control of the scientific 
aspects of their business, it was their own fault, 
and not the fault of others who had to put people 
in to perform work in which they were ineffi- 
cient. The idea of having a practical man of 
a scientific mind was a capital one, and, if it 
came to be generally recognised, there was no 
laboratory assistant or chemist to be found who 
could adequately take his place. There was no 
doubt at all that in many cases the laboratory 
control had not been a success, because there had 
been defects on another important aspect—the 
practical side. Unquestionably, the man of the 
future in the workshop would be the practical 
man who was at the same time scientific. Ac- 
cordingly, he was hoping that the practical men 
in this comntry would, by-and-by, acquire the 
necessary knowledge and carry on both the prac- 
tical and scientific sides of the business. 

Dr. J. H. Anprew, Glasgow, said he had always 
made a point, when dealing with the practical 
man, of laying all his cards upon the table. 
Naturally, he expected the practical man, in re- 
turn, would be equally frank; but he regretted to 
say that was not always the case. When he laid 
his cards, so to speak, on the table, there was a 
reasonable expectation in his mind that the prac- 
tical man so dealt with would give fully of his own 
particular knowledge. Invariably, that had not 
happened. On the other hand, as a scientific 
man, he could say quite honestly that he had 
learned more from a practical man than he had 
ever done from any textbook. It was because 
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that had been his experience that he felt there 
ought to be proper co-operation between practi- 
cal men and scientific men. The type of practical 
man, however, who, upon receiving a report from 
a research department, presents it to a general 
manager and declares that the suggestions em- 
bodied therein were unworkable—before he had 
made any attempt at a trial—was, at least, one 
class of individual who could with advantage be 
exterminated. At the same time, he was bound 
to say that the idea of eliminating the practical 
man from scientific research was absurd. He was 
on this occasion, however, a special pleader for 
a freer and fuller co-operation between the two. 
The practical man expected the scientist to give 
his results, and there ought to be some measure 
of reciprocity. With proper co-operation between 
science and practice, he (Dr. Andrew) felt they 
could make real headway in industry. He 
thoroughly agreed with the author’s contention 
that the best thing to do was to educate the 
craftsman in the scientific side of his work so 
that he might become the recognised head of his 
department. Personally, he was bound to confess 
he never had any trouble with the manual 
labourers ot workers on a particular job. As 
often as not, any troubie there might have been 
arose from the foremen. He felt that Dr. Cath- 
cart would be willing to go the length of saying 
that, if they could get a real co-operation between 
science and practice, they would, in the end, get 
an ideal combination. There ought to be a better 
and more general appreciation of the fact that 
the practical man was expected to give something 
in return for that which he received from the 
scientific man. 

Mr. F. J. Coox, Birmingham, said he felt that 
the fundamental principle underlying the whole 
question of science in the workshop or foundry 
was the fuller appreciation of the value of applied 
science. If that were generally followed and prac- 
tised, it would lead to splendid work, both on the 
scientific and practical side. 

Dr. Catucart felt there was little aris- 
ing out of the discussion he had to reply to, be. 
cause it seemed to him there was general agree- 
ment with the views he had expressed. The point 
Mr. Buchanan raised was one that he (the author) 
had sought to strongly emphasise throughout the 
paper. He had no wish to blame scientists he- 
cause of the fact that they were now controlling 
many workshops. The fault lay, as he had 
already indicated in his paper, with the practical 
men, who were not doing as well as they ought. 

The discussion was closed, and a vote of thanks 
passed to the author. 


Measurement of Casting Tempera- 
tures in the Brass Foundry. 


By Dr. Joun Arnott, Glasgow. 


Discussion. 

The Prestpent said that, unfortunately, he did 
not profess to be possessed of any large or con- 
siderable experience in the use of pyrometers. The 
ironfounding industry—or at all events the light- 
casting side of it—did not go in a great deal for 
these instruments. 

Mr. R. Beenanan, Birmingham, said he was 
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wondering if the author could throw any light 
on the use of optical pyrometers as applied to 
cast iron? If the results were not satisfactory 
he considered they would be as well to know the 
actual position. 

Dr. Joun Arnott, the author, said in reply to 
the last speaker, he might explain that a question 
precisely similar was addressed to him that fore- 
noon at the works of his firm. Frankly, he was 
not particularly hopeful of the optical methods 
because it always seemed to him there was a 
considerabl2 amount of slack on the top. The 
optical instrument in measuring temperature was 
not, to his mind, very feasible. It certainly did 
not give a good idea of the actual position because 
for one thing the range in many cases was too 
small. He had tried experiments himself with the 
Cambridge instrument, and some of the other 
cheaper instruments in certain applications to 
molten steel, and he could not say that the results 
had been at all good. 

Mr. F. J. Cook, West Bromwich, asked if Dr. 
Arnott would furnish some additional particulars 
to the Proceedings with regard to the calibrating 
instrument to which he made reference. Addi- 
tional data if it could be supplied would be re- 
garded as most valuable. He could not altogether 
agree to the suggestion that foundrymen looked 
askance at the question of testing by pyrometers. 
Personally, he did feel there was a strong demand 
amongst foundrymen for some guidance on the 
point. All their lives they had been more or less 
accustomed to testing with the naked eye, but 
that was only because such instruments as they had 
known of were not sufficiently adaptable to foun- 
dry working. With regard to the question of 
cast iron, he rather feared that too much stress 
was apt to be placed on a few figures. That was 
a point which he did not consider of any import- 
ance at all. He meant that particular observa- 
tion to apply in this way. If they had an instru- 
ment, to which they were accustomed, if did not 
really matter whether that was up or down 20, 30 
or 40, so long as they used it intelligently on every 
occasion. The instrument gave results, but these 
were mors or less comparative results. There was 
no question in his mind but that foundrymen were 
generally looking forward to an adaptable instru- 
ment which they could use with some intelligence 
in the works. 


Mr. H. L. Reason, Birmingham, remarked that 
the latest work in connection with casting tem- 
peratures for the non-ferrous side had been carried 
out by a Research Department working under the 
auspices of the Brass and Copper Tube Associa- 
tion in ccnjunction with the Department of In- 
dustrial Research. Without anticipating that 
report in any way, he believed he could say they 
had succeeded in finding out some wonderful 
effects which take place in casting temperatures. 
In his view temperature played a greater part 
in non-ferrous than in ferrous work. He felt 
sure that when they got more information similar 
to that provided by Dr. Arnott in the course of 
his paper they would ascertain something about 
the scrap they had been making to a very large 
extent. 

Mr. B. Hirp, Reading, asked the author if he 
thought that fixing the pyrometer over the spout 
so that the hot rays struck the instrument there 
and registered on the wall just at the distance 


would give any good results—results that could be, 
in any way, calculated upon? 

Dr. Arnotr said he could not say that his 
experience of the instruments on ferrous plant 
had been at all satisfactory. He had made many 
trials, chiefly on brasses, but without any great 
success. Mr. Cook appeared to be satisfied with 
comparative results, but in coming to such a con- 
clusion, he thought that gentleman was utterly 
wrong. Frankly, he did not think they would 
ever make progress or get things into proper order 
with anything that was merely comparative. With 
an instrument which registered only comparatively 
they were simply, to his mind, as far back as when 
they started. 

Mr. F. J. Coox interposed here with the cor- 
rection that when he made the statement he did 
he was alluding specifically to the optical pyro- 
meter. 

Dr. ARNott maintained that even that state- 
ment from Mr. Cook made his observation further 
out still. Many of the scientific instrument makers 
were now giving them quite accurate tempera- 
tures. It seemed to him that they had more than 
enough of the comparative or highest comparative, 
and what was urgently required was something 
more nearly approaching the absolute. Per- 
sonally, he felt the time had come when they could 
get absolute temperatures. 

Mr. Lanpewt said he was disposed to agree with 
Dr. Arnott. So far as he was concerned he did 
not speak of anything being right unless it was 
absolutely right. They could not possibly expect 
to get correct readings unless they had some such 
instrument as the author had described to work 
upon. 

Mr. J. W. Donatpson was of the opinion it 
was not the correct time to take a temperature 
either ferrous or non-ferrous when the metal had 
been poured. It was like locking the door when 
the horse had been stolen. There might be occa- 
sions when the optical pyrometer could be used 
advantageously in a brass foundry, but so far as 
the iron foundry was concerned they certainly did 
get comparative results on the apparatus. It was 
a type of instrument which was difficult to use 
in an iron foundry, and he thought a simpler 
form of apparatus was required. He was aware 
that during the war a German optical instrument 
of the Siemens make was used in some of the 
steelworks. Jt was slightly different from the 
Cambridge instrument, and certainly he was speak- 
ing from experience when he said that that par- 
ticular type of instrument had been found very 
useful with regard to steel furnaces. It would 
be interesting to know if the author or any of the 
members of the Institution had any experience of 
that instrument. 

Dr. Arnott indicated that personally he had no 
experience of the Siemens instrument. 

Mr. A. I. Key said that the fundamental prin- 
ciple in the first case in the use of a pyrometer 
was to control the melting temperature and not 
the pouring temperature. For instance, let him 
cite the case of an aluminium casting job. The 
quality of the metal there depended on the heat 
at which it was actually taken out of the furnace. 
If the pyrometer was made accessible for the con- 
trolling of the melting temperature and not the 
pouring temperature it would be a_ distinct 
advantage. 

Dr. Arxorr remarked that so far as the obser- 
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vations of the last speaker were concerned, he 
was suggesting a much more severe test for any 
pyrometer. The theory that the speaker had 
advanced had been pretty well disproved in 
Carpenter’s paper and by many other authorities. 
Then he thought there was much information on 
aluminium to show that the actual point at which 
it was taken out of the furnace was not so import- 
ant as the temperature at which it was poured. 
The same thing was applicable in relation to 
bronze. 

The Presipenr remarked that the paper was one 
of exceptional interest. Personally, he should 
like to see pyrometers and similar instruments 
more generally used in iron foundries, but he sup- 
posed the conditions of an iron foundry were not 
quite akin to a brass foundry. So-far as he 
could in the iron foundry, he had made a practice 
of using a pyrometer. He thought the thanks of 
the Institution were due to Dr. Arnott for his 
valuable and informative paper. 


Permanent Moulds for the Casting 
of Glass Articles. 


The “ American Foundry ” publishes an article by 
Pat Dwyer describing the methods adopted in the 
production of cast-iron moulds for casting articles in 
glass. Many different materials have been tried in 
the manufacture of the moulds used in the glass 
industry, but none of them equals cast iron. The 
ideal mould must be hard enough to take a high 
polish and to resist the constant scouring necessary 
to keep it in good working condition, and still be soft 


“1G. 1.—Typican Woopen Patrerns ror MAKING 
SINGLE AND Dovsie Borrte Mov.ps. 
PATTERNS FOR MAxkinG THE CHILLS. 


enough to permit the machinist to tool and finish the 
face at a reasonable cost. The same conditions prevai! 
to a certain extent in the manufacture of meen for 
rubber tyres, and the same precautions have to be 
taken in order to attain the desiréd results. The face 
of the mould in both cases is poured against a chill, 
and jn some cases where the amount of glass factory 
work on the floor seemed to warrant, special charges 
have been made up to pour it. One foundry claims 
to get superior moulds from a_ semi-steel mixture, 
while another which does a considerable amount of 
this work uses charcoal pig-iron in the mixture. 

When in use glass moulds are kept as nearly as 
possible at a uniform temperature of 300 deg. Fahr. 


If they are used while at a lower temperature fish 
scales or blisters are formed on the surface of the 
bottle, while if they become much hotter the molten 
glass adheres to the face of the mould. The moulds 
are swabbed lightly with crude oil at frequent inter- 
vals. The frequency of this treatment varies accord- 
ing to the size of the bottle, but in general it may 
be said that one application of oil is sufficient for 
the blowing of from 20 to 30 bottles. The oil seems 
to perform the same function in the iron moulds that 
coal dust does in a sand mould for an iron casting. 
It makes the face of the mould smooth and shiny. 
Constant use of the machine operating these bottle 
moulds soon would cause the moulds to become red 
hot and therefore useless. To obviate such a con- 
tingency, an air jet connected to the central air supply 
is located over the opening in each mould and may 
be regulated to blow cold air into each mould on its 
passage between full and empty. 

Some years ago, and even yet in some places where 
bottles are blown by individual workmen, artificial 
cooling of the moulds was not considered necessary. 
Each workman was provided with two duplicate moulds 
and by using them alternately he was enabled to 
maintain the proper temperature. These old time 
bottle blowers worked at a remarkably swift pace 
but have been nearly all displaced in recent years 
by one of two types of American bottle-blowing 
machines which practically have revolutionised the 
bottle-blowing industry. It is conservatively esti- 
mated that each machine does the work of nine men, 
besides doing it better, cheaper, and more uniformly. 
The machines are automatic and perform every opera- 
tion in the formation of a bottle from sucking up the 
glass from the pot to depositing the finished bottle 
on a conveyor belt which carries it into the JeAr or 
oven where it is annealed. The capacity of the 
machine depends on the shape and size of the par- 
ticular bottle on which it is operating, but for an 
illustration it may be said that 1t is capable of turn- 
ing out 5,000 quart milk bottles in a Q-hour day. 
Cn the large size bottles the moulds are single, but 
the moulds for small bottles are double, that is, each 
unit contains two moulds and therefore the output 
of the machine is doubled while working at the same 
speed. Triple moulds are under consideration at the 
present time. 

Typical patterns, together with the chills used for 
making the moulds, are illustrated in Fig. 1. _ 

In all pressed glass work and in the majority of 
blown glass objects there is a well defined seam or 
seams indicating the joints of the mould in which the 
object was made. The secret of the elimination of 
this seam or mark in the finished article lies in the 
manner in which the glass is manipulated while it is 
being blown. The mould is painted with oil and then 
dusted lightly with fine apple wood sawdust. While 
the blowing is going on., the blow pipe to which the 
glass is attached is slowly rotated to impart a hori- 
zontal motion to the globe. The sawdust acts as a 
buffer, cushion and lubricant, all combined and the 
result is a globe which does not show any sign of a 
mould joint. One application of oil and sawdust 
generally is sufficient for approximately 50 operations 
after which a fresh coating is applied. 

A curious factor of glass, particularly pressed glass, 
is that the quality and degree of finish on the face of 
the mould are directly reflected in the product. A mouid 
made of hard close-grained iron having a smooth and 
highly-finished surface, will produce glass goods having 
a much better appearance than moulds made of a softer 
grade of iron. Furthermore, since the moulds have to 
be scoured at frequent intervals to remove the scale 
which forms as a result of using oil on the face, 
the moulds made of a hard grade of iron will give 
much longer service than those made of a compara- 
tively soft grade. The moulds are held to close 
limits as to size, and when these limits are exceeded 
ho mould has to be scrapped irrespective of whether 
it is in good working pie = or not. 
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New Split Belt-Pulley. 


A new split belt pulley has recent'y been placed on 
the market by the Skefko Ball Bearing Company, 
Luton, Beds., the makers of the well-known “ SKF ”’ 
self-alighting ball bearings. The pwley is_ entirely 
original in design, and is a distinct advance upon 


existing practice, particulary in the matter of 
adaptability. Interchangeable rims are used in this 


pulley, and interchangeable shaft bushes; whi'e ball- 
bearing bushes of ‘‘SKF’’ manufacture can be fitted 
when loose pulleys are desired. A thin flexible band 
of high-grade steel is used as a rim, and as a con- 
sequence weight is considerably reduced without any 
sacrifice of strength. The cast-iron spyder, made in 
two symmetrical and balanced ha.ves, has hubs 
accurately machined to receive the interchangeable 
shaft bushes, and carries two or four bolts, according 
to size. A groove is cut in the machined periphery 
of the spyder to receive “‘ snugs’’ formed in the rim, 
and by this means lateral movement of the rim is pre- 
vented. The arms of the spyder are of streamline 
section, and air displacement is thus reduced ‘to a 
minimum. The ends of the rim are flanged and 
pierced to take two stretching bolts, which draw the 
ends together when the pulley is assembled. ‘This 
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action has a binding effect on the whole puiley, and 
by holding the spyder in compression, provides a safe- 
guard against bursting at high speeds. Tests carried 
out to destruction at the maker’s works have proved 
that this puley can safely be driven at far higher 
speeds than could ever be obtained under working 
conditions. The fact that no rivets are used in the 
construction of the pulley also makes for safety at 
high speed, as rivets, no matter how carefully applied, 
are apt to work loose, and are always a potential 
source of danger where high speeds and consequent 
vibration are constantly maintained. 

The design of the pulley renders the use of keys 
and the cutting of keyways unnecessary, as the grip 
obtained on the shaft is sufficient not only for light 
drives, such as those from line shafting to machines, 
but also for main drives; and its lightness makes 
fitting a far quicker and easier business than was 
formerly possible. A man with an adjustable spanner 
can fit a 4 ft. pulley to an overhead shaft in five 
minutes single-handed. Perhaps the most valuable 
feature of the pulley from the user’s point of view 
is the system of interchangeable parts. In cases where 


an additional drive is required from a pulley which 
has an insufficient width of rim for the purpose, or 
where a loose pulley conversion becomes necessary, 
valuable time can be saved by the use of these pulleys 
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and their components, while the fact that by means 
of spare shaft bushes the same pulley can be made 
to fit many different sizes of shafting greatly enhances 
its value. By carrying a comparatively smal] stock 
of pulleys and parts, the maker’s claim, managers of 
large works can ensure being ready to deal at a 
moment’s notice with all the various additions and 
conversions that become necessary from time to time. 
The “SKF ”’ pulley is made in sizes from 8 in. to 
60 in. diameter, these having a difference of 1 in. up 
to 24 in., of 2 in. up to 40 in., and of 4 in. up to 60 in. 
diameter. The standard interchangeable rims are 
made in widths from 3 in. to 9 in., flat or crowned, 
mereasing by 1 in. for pulleys with a single spyder. 
For belts of greater width pulleys with two spyders 
are provided with rims of 11 in., 13 in., and 16 in. in 
width, and with flat face only. There is no reason 
to disbelieve the maker’s claim that their pulley is 
both lighter and stronger than any of the three usual 
types of design—the wrought iron, cast iron, and 
wooden types—and in ease of fitting and adaptability 
it und-ubtedly stands in a class of its own. 


LIQUID OXYGEN EXPLOSIVES.—A report on the 
development of liquid oxygen explosives, issued by the 
U.S. Bureau of Mines as Technical Paper, No. 243, 
gives the results of inquiries made as to their employ- 
ment in Germany during the war, and refers to experi- 
ments carried out by the Bureau. A committee of 
the Bureau visited the occupied area of Germany on 
the left bank of the Rhine, and found that at Longwy 
the Germans had erected a Linde liquefying plant for 
making the liquid oxygen explosives used for blowing u 
the steel plants there, and that they had _ installed 
similar apparatus at the Auboué Iron Mines in the 
Lorraine. The latter plant is now being used very 
successfully by the French. The experiments of the 
Bureau, started at Pittsburg in 1917, were not con- 
tinued very long owing to the pressure of other work, 
though it is intended to resume them with the object 
of making the use of liquid oxygen explosive prac- 
ticable in suitable mining and quarrying operations. 
Trials, however, were made with various carbonaceous 
materials, such as lamp black, wood pulp, and crude 
petroleum, together with kieselguhr as an absorbent, 
mixed with liquid oxygen of various degrees of purity : 
a soaking container of the vacuum vessel type was de- 
signed arid constructed for soaking the cartridges, and 
the explosive was tested in the standard apparatus as 
well as in the blasting of rock in quarries. The 
strength of certain mixtures as measured in the ballistic 
pendulum was found to exceed that of 40 per cent. 
straight nitroglycerine dynamite by from 4 to 12 per 
cent., and practical tests in a stone quarry indicated 
that the work done was at least equivalent to that of 
the dynamite. Among the advantages attributed to 
liquid oxygen, as compared with dynamite and black 
blasting powder are lower cost per unit of material 
blasted, absence of danger in transportation to point 
of use, practical absence of danger of premature igni- 
tion, and elimination of the danger of misfires by wait- 
ing 30 or 40 minutes after lighting the fuse, when prac- 
tically all the oxygen will have evaporated. On the 
other hand, liquid oxygen, on account of its rapid 
evaporation, must be used quickly and at a definite 
time after the hole has been charged, so that the 
number of shots that can be fired in any one place is 
limited to three or four, and the firing of a group of 
shots becomes difficult. Because it ignites firedamp, 
liquid oxygen explosive cannot be used in gaseous coal 
mines, but the opinion is expressed that it has great 
merit and possibilities in coal mines that are free 
from firedamp, and do not produce dust of a specially 
dangerous character, in non-gaseous anthracite mines, 
in iron, salt, and other mineral mines using a chamber 
method in which only a few shots are fired at a time, 
and in quarries where a few large shots can be fired at 
one time. 
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Apparatus for the Determination 
of the Porosity of Metals.* 


By F. K. BevzenperGrr and R. A. 


In the making of non-ferrous castings for certain 
purposes, considerable importance is attached to the 
ability of the castings to hold pressure without leaking. 
Various tests are made to determine the applicability 
of a certain alloy or of a certain type of casting to 
the particular purpose in view. Such tests give 
isolated results, and offer no workable basis for a 
comparison of the porosities of various alloys when 
cast under the same conditions, or of the same alloy 
when cast by various methods. . 

An apparatus and method of testing are herein 
described. which not only afford a basis of comparison 
in any particular instance, but by which a numerical 
expression, denoting degree of porosity, can 
assigned to any alloy under any conditions of casting. 
The advantages of such a method are great, not only 
in that the results obtained can be filed for future 
reference and comparison, but also because the basis 
of tests is standardised. 


Apparatus. 


The test casting used] is cast oversize and machined 
so as to overcome the surface effect. It is. of course, 
necessary when comparing different alloys that the 


Fic. 1.—APpPaARATUS FOR TESTING THE 
Porosity or METALS. 


same method of casting the test piece be employed in 
each case, and when the effect of various types of 
casting is to be determined, that the alloy used and 
all ether conditions be kept constant. 

Fig. 1 shows the testing apparatus, with the test 
piece in place. The ‘‘ test cup” rests on a rubber 
gasket placed on the base A. This base is made 1 
stee! and is drilled so that air may be admitted into 
the interior of the test piece. The flange B, also made 
of steel, screws down on the base, holds the test cup 
in place, and gives an air-tight joint between the cup 
flange, the rubber gasket and the base. A 2,000-c.c. 
graduated cylinder is inverted over the test cup over 
the small, rubber-tipped copper tube (. The apparatus 
rests ina tank partially filled with water. Tube C is con- 
nected with an aspirator, and is used to remove che 
air from the cylinder, which, of course, is replaced 
with water. Connections are made, as shown, to 4 
constant-pressure air line. D is a reducer, by the use 
of which any desired pressure is maintained. The 


* Chem. and Met, Eng., June 2, 


cock E admits air to the apparatus at the desired 
pressure. Cock /’ opens the system to the atmosphere, 
and is used to release the pressure instantly upon 
completion of the test. A pressure gauge is placed in 
the air line. as shown, and a thermometer is hung in 
the water tank. 


Method of Testing. 


The test cup with gasket is placed in position on 
the base 4. Flange BL is then screwed down in place 
to give a tight jvint, and the water tank is filled until 
the water level is about half-way up the test cup. 
Cock EF is opened to test the apparatus for leaks, and 
the pressure gauge is read. If necessary, the reducer 
is adjusted until the gauge indicates the desired pres- 
sure. Air is then shut off, and exhaust cock /’ opened 
until the pressure is reduced to atmospheric, and then 
closed. The glass cylinder is then placed in position, 
and filled with water by means of an aspir..or con- 
nected to the tube C. The apparatus is now ready 
for the test proper. 

The cock / is opened at an observed time, and air, 
leaking through the casting, is collected in the 
cylinder. When the volume of gas collected is suffi- 
cient to be read easily, the cock F is closed, cock F 
opened, and the time observed. These three opera- 
tions should be simultaneous. It is well to collect 
500 to 1,000 c.c. of air before stopping the test, as the 
relative error decreases as the volume increases. ‘Ine 
difference in level between the water in the cylinder 
and in the tank is measured, and the temperature of 
the water observed. The test is then complete, when 
the following data should have been taken :— 

. Volume of gas collected. 
. Pressure of air used. 

. Difference in water levels. 
Time of test. 

. Temperature of water. 
Barometric pressure. 


Calculation of Results. 

The measure of porosity, called A, is equal, 
numerically, to the number of ¢.c. of gas, under stan- 
dard conditions, leaking through the standard test cup 
per minute per atmosphere of pressure, and is calcu- 
lated from the formula :— 


H 
B— Vp— — 
273 13.6 1 
K = V+— 
Ta 760 Tm + Pa 
Where :— 
Vv = volume of gas collected, in c.c. 
Ta = absolute temperature of water, in deg. C. 
B= barometer, in mm. of mercury. 
Vp = vapour tension of water at observed tem- 
perature, in mm. Hg. 
HI = difference in water levels, in mm. 
Tm time of rest, in minutes. 
Pa pressure used, in atmospheres. 


The term /’a is introduced into the formula for the 
sake of simplifying the unit A. For comparative 
results, however, Pa should be maintained constant. 


4 
The proportion = a although approximate, is 
not exact, 

It is obvious that if so desired, the standard test 
cups be altered in design to permit of the study of the 
effect on porosity of thickness and of area exposed. 

This apparatus and method of testing have been 
found very valuable in the study of the properties of 
various alloys. When castings are being made which 
are required to hold pressure, the incorporation of this 
porosity determination as a part of the standard test- 
ing practice gives data which are of great value in the 
maintenance of careful technical control. 
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Handling Molten Iron at the 
Cupola. 


The ‘‘ Canadian Foundryman,” in a recent issue, 
describe several ingenious devices for handling molten 
iron at the cupola. The devices described are those 
adopted on two large cupolas, 7 ft. and 8 ft. diameter 
respectively, operating at the plant of the Cockshutt 
Plough Company, Brantford, Ontario, Canada. 

Most foundrymen who have had experience in agri- 
cultural iron work will know of the tilting spout, but 
for the berefit of those who do not, we will include 
this also. 


Fic. 1.—Cross Secrion or Hote. CupoLa SHOWING 


Dovusie Tap. 


The reguiation of this flow of metal is obtained by 
the use of a double tap hole as illustrated in Fig. 1. 
The old familiar method of ramming in the breast 
with a round etick to form the tap hole on being with- 
drawn is not adhered to. Instead of this, a firebrick 
with two holes in it, as shown in the sketch, is used. 
This firebrick is put in place when the melter is 
ramming in the bottom. It is so placed that the 
bottom hole is in line with the trough, the same as 
with the ordinary tap hole. The second hole is an inch 
or more above this. Both holes are stopped up when 
the biast is put on, and when sufficient metal is melted 
the bottom one is tapped and pouring begins. This 
bottom hole ig intentionally a little smaller than would 
be required to accommodate the melting capacity of the 
furnace. As the melting proceeds and the melted 
metal which is accumulating in the furnace is gettiny 
high up, the upper hole, which is somewhat larger 
than the other, is tapped, and the reserved metal 
brought down, after which this hole is again stopped 
up. It is not necessary to tap the upper one at any 


particular time; on the contrary, opportunities are 
watched to tap this when it is most convenient to use 


Fic. 2.—Spour, SHOWING HOW METAL CAN BE RUN IN 
CONTINUOUS STREAM BY USING A LADLE ON EACH SIDE. 


The tilting or double spout. as illustrated in Fig. 2, 
stopped after being tapped, supplies the iron for 
continuous pouring. 


The Tilting Spout. 


The tilting or double spot, as illustrated in Fig. 2, 
is simply an attachment which is added to any — 
spout. It consists of an iron trough from two to three 


feet in length, and about the same dimensions as the 
spout of the cupola. It is open at both ends, and is 
attached to the cupola spout by means of a trunnion or 
swivel in such a manner as to have the top of it 
slightly below the bottom of the cupola spout, and 60 
situated that the iron, as it flows from the spout, 
strikes it in the centre. A lever is attached to it for 
tilting. Overhead trolley tracks lead to all of the 
floors, and the metal is conveyed to the moulders in 
large trolley ladles. from which it is poured into their 
ladles. The cupola, which is to one side of the shop, 
is served by two separate trolley tracks which run 
lengthwise of the shop over the gangway, one from 
each end of the shop, and turning at the line of the 
cupola where they come up to it, one on each side of 
the spout. These tracks are also so arranged that the 
ladle can be transferred from one to the other by 
switches on the main track. From this it will ne 
understood that the trolley !adle can be moved from 
one end of the shop to the other without turning in at 
the cupola, or the ladle of iron can be brought away 
from the cupola on one side and transferred to the 
track on the opposite side if for any reason it has beea 

found necessary. 
In Fig. 4 wiil be seen a system of pouring plough 
se 


points without having to carry any iron. The 


Fic. 3.—Metuop or SuspenpInG LADLE FoR PouRING. 


moulds are machine-made, and are gtacked several 
tiers high. The cope has a projection on one end, in 
which the gate is situated. This makes it possible to 
stack them straight above each other without covering 
the gate up. The row of moulds is placed in line 
with the trolley track which serves the floor, and an 
arrangement similar to Fig. 3 is suspended between 
the trolley and the ladle. By means of this arrange- 
ment the 'adie can be lowered down to take the metal 
from the large ladle, and by simply pulling the string 
the ladle is lifted to the proper height to pour which- 
ever row is to be poured. This system of pouring 
could be utilised in pouring many different jobs in 
any foundry, and is a great saving on the energy of 
the man. 

The pouring device illustrated in Fig. 3 consists of a 
hook A which is supported on a monorail or other over- 
head traveller. The main hanger has a slot that carries 
the small drum B and the rachet wheel C. The 
cable D supports the piece E that slides vertically on 
the main rod, the lower end of which is slotted to 
align the piece E. At the lower end of this piece is 
the fitting G, which permits the ladle to be tilted in 
any direction by the movement of the handle H. To 
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raise the ladle the rope I is pulled down, bringing 
the lever Jj with it. Attached to this lever is the 
sma!] pawl K, that is kept in contact with the ratchet 
teeth by the action of the spring shown. When pour- 
ing. the ratchet is engaged by the pawl L, that holds 
the device in a fixed position. To lower the ladle, the 
cable IT is brought down after the pawl K has been 


Fic. 4.—Metrnop or Pourine Stackep 


released by a puli on the small cord N. When low- 
ered, this pawl is again engaged, and the pawl L 
released. This allowa the cable I to be raised and 
the cable ) unwound from the drum. This action is 
repeated until the ladle is at the desired level. The 
lever J is kept in a raised position by the action of 
the spring O. 


FINE ADJUSTMENT IN PHOTOMICROGRAPHY. 
—tThe arrangements for fine focussing of the microscope 
when used for photographic purposes frequently 
present imperfections which are annoying in_ use 
and liable to iead to the loss of photographic material. 
Whether gearing or a cord serving as a belt is em- 
ployed, there is always apt to be some degree of lateral 
pull applied to the microscope when the fine adjust- 
ment head is turned by the operator forking from the 
screen end of the camera. Dr. W. Rosenhain has 
devised a very simple means of avoiding this difficu!ty 
and of leaving the microscope free as soon as the 
operator’s touch is removed from the focusing rod. 
For this purpose, the focusing rod, extending along 
the length of the camera, operates by means of a small 
belt a rotating spindle attached to an_ independent 
bearing carried on a separate stand. This rotating 
spindle is so pisced as to be axial with the fine adjust- 
ment of the mizroscope, in whatever position this may 
be situated. The end of the spindle nearest the micro- 
scope merely carries a cross-piece consisting of a thin 
rod Fixed to the fine adjustment head of the micro- 
scope itself is a light tube of brass or aluminium. In 
this tube are two longitudinal slots diametrically oppo- 
site one another. The independent spindle above 
mentioned :uns down the axis of this tube, but the 
transverse rod has its ends projecting through the slots 
of the tube, the slots being made a little wider thin 
the diameter of the rod. If now the spindle is rotated 
by the operator turning the focusing handle, no pull 
whatever is placed upon the fine adjustment of the 
microscope—the motion of the spindle being trans 
mitted to ihe tine adjustment through the slots in the 
tube. In these circumstances, a pure turning moment 
or torque is applied to the fine adjustment, so that 
there is no tendency to displace the microscope. 
Further, if the belt connecting the focusing handle to 
the moving spind!e is slightly elastic, the moment the 
pressure of the operator's hand is removed from the 
focusing handle the spindle and the transverse rod 
which it carried will spring back by a very small 
amount. In this way the rod is brought out of contact 
with the tube, and the microscope is left entirely free 
from contact with the focusing gear. 
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Electrically-Heated Core Ovens. 


The electricaily-heated core stoves recently adopted 
by the Muncie Foundry & Machine Company, Muncie, 
Ind., are described in a recent issue of ‘‘ The Iron 
Age.”’ 

The core ovens used were formerly gas-fired and of 
ordinary fire-brick construction, additional insulation 
being providea when electricity was substituted for 
gas. There are four ovens in the battery, 5 ft, wide. 
10 ft. deep, and 7 ft. high. and the walls are about 
14 in. thick. The inside of the ovens ig covered with 
a layer of asbestos brick. The heating units of each 
oven consist of four General Electric heaters located 
beneath the floor, and four wall-type heaters mounted 


Fie. 


OF ELECTRICALLY- 
HEATED CoRE OveEN. 


1.—INTERIOR VIEW 


on the side walls. The doors are of steel, lined with 
asbestos brick, and radiate very little heat. A 6-in. 
pipe was used at first for ventilation, but this was 
reduced to a hole 1 in. in diameter, resulting in a 
reduction of the amount of heat wasted and a saving 
in current ‘The ovens are provided with thermostatic 
control, and each has a switchboard which is rated at 
86 kw., 220 volts, 66 cycles. The cores are baked on 
cars with racks of a standard type 4 ft. wide, 9 ft. 
long, and 6 ft. high. 

In a series of tests made, a record was kept of the 
baking period, kilowatts used, nnmber and weight of 
cores, and pounds haked per kilowatt. During the 
tests in the four ovens 108.730 lbs. of cores were 
baked, requiring 9,389 kw., making the average of 
11.6 ‘bs. of cores baked per kw. 

While the cconomy of electrical heating depends 
upon the cost of the electricity, the use of electricity 
for heating core ovens has certain advantages, includ- 
ing its constant availability, perfect contro!, which is 
likely to result in a better quality of cores and the 
absence of coke, gases, etc. 


OBJECTIONS TO LEDEBUR METHOD FOR 
OXYGEN IN STEEL.—A new publication of the 
Bureau of Standards Scientific Paper No. 350, “ Equili- 
brium Conditions in the System Carbon, Iron Oxide, 
etc., in Relation to the Ledebur Method for Oxygen in 
Steel,’’ shows that mixtures of iron oxide and Ache- 
son graphite are not, and mixture of iron oxide with 
‘““cemented ’’ iron or white iron (annealed or unan- 
nealed) are reduced at 900 deg. C. by the carbon in 
them when hydrogen is passed over them at rates of 2 
litres per hour or faster. Because of these facts it is 
probably impossible to determine by the Ledebur 
method more than 75 per cent. of the oxygen present 
in steels as ferrous oxide. The effect of rate of pass- 
age of hydrogen on the Ledebur oxygen content of 
certain steels is shown. 
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Suspended Moulding Machines. 


A novel arrangement of moulding machines, invented 
by Mr. E. C. Howe, of the Standard Malleable Com- 
pany, Muskegon Heights, Mich., is described in a 
recent issue of the ‘* Iron Age.’’ Since this device 
was installed at the above works it is stated to have 
effected an increase in production per moulder of from 


na 
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15 to 30 per cent., depending upon the class of work 
done. 

A single workman can easily move the machine by 
hand to any point on the rail, and through the adjust- 
ment of pneumatic controlled legs can fix the device 
firmly in a stationary position regardless of the irregu- 
larities of the floor. The legs, it will be noted by 


referring to the line drawing, are in reality plungers 


fitted in pneumatic cylinders, and may be withdrawn 
or extended by admitting air to or releasing it from 
the cylinder chambers. When the moalder wishes to 
move the machine he turns a stop cock: to liberate the 
air from the cylinders. When he desires to place the 
machine in a fixed position, he turns on the air, thereby 
forcing the legs against the floor. The legs are fitted 
with concave cups which grip the sand under foot and 
insure the rigidity of the machine. 
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The Howe machine, in its simplest form, is really 
a movable moulding bench. Formerly when the 
benches in the company’s foundry were situated at 
the wall end of each moulding floor, the moulder was 
forced to carry his work the length of the floor to 
the aisle, at the same time running the risk of shift- 
ing the moulds. The suspended bench enables him 
to commence work close to the aisle, at the end of his 
sand pile, and gradually move toward the wall as his 
day’s work progresses. Under this plan the moulder 
places the mould on the floor directly behind him. 
The machine also enables the moulder to handle all 
his own moulds, even though large, whereas ordinarily 
a helper is needed to carry out the moulds, 

Another advantage of the Howe device is that the 
moulder’s afternoon work is not interfered with by 
the heat radiating from the sand. When the wall 
benches were in use the Jast sand dumped from the 
morning moulds would be adjacent to the moulder when 
he resumed work in the afternoon. In the summer 
output was often reduced because the men could not 
stand the increase in temperature due to the hot sand. 
The suspended bench, on the other hand, enables the 
moulder to progress back to the wall, using up the 
sand as he goes, just as he did in the morning. 

Among the benefits derived from the use of the 
machine is a marized saving in labour. Whereas the 
Standard Company formerly employed 22 labourers 
and 22 moulders for each 10-ton furnace, it now secures 
satisfactory work with 16 of both classes of workmen. 
In the case of common labour which is paid by 
the day the use of the machine has resulted in a 
clear saving of the wages of six men per furnace. On 
the other hand, the moulders, who are on piece-work, 
have been the beneficiaries of the increase in output 
made possible by the suspended bench. 

A strong argument for the machine is that it facili- 
tates the use of 2 sand cutter. In many malleable 
foundries moulding methods are such as to make the 
employment of a sand-cutting machine impracticable, 
but vhe contrary is true in the Standard Company's 
plant. The sand is dumped from the flasks in a pile 
extending from the aisle to the wall parallel with the 
course of the moulding machine. At the close of 
moulding operations for the day the sand machine cuts 
the sand in each pile in the foundry. It moves from 
aisle to wall and back in the brief time of 1} min., as 
compared with 30 min. of hand labour employing 
several men. Not only is mechanical cutting much 
faster than shovelling, but it gives more uniform 
results. The cutting machine is operated by electricity, 
plogs from the columns at the ends of the moulding 

oors. 


CAST-IRON RESEARCH.—A meeting of the cast- 
iron foundry industry in connection with the proposal 
to form a British Research Association for the grey 
and malleable cast-iron and allied industries (in co- 
operation with the Government Department for Scien- 
tific and Industria] Research), was held on Thursday, 
September 30, at the Queen’s Hotel, Birmingham. 
The details of the proposed scheme were laid before 
the industry by Sir Frank Heath (London) and other 
gentlemen, and the meeting elected a _ Provisional 
Council to carry the scheme out. America and other 
countries have taken steps to jmprove the manufacture 
and output of their cast-iron foundries upon lines 
similar to that of the proposed Association, and it is 
therefore most essential that the trade in this country 
should be placed in such a position that it can success- 
fully meet the demand for malleable jron, the shortage 
of which is seriously hampering trade generally, and 
also deal with many of the problems in grey iron which 
await solution. The work of the proposed Association 
wil] have very important results upon every phase of 
cast-iron foundry work, pig-iron manufacture, and the 
various allied trades connected with grey and malleable 
cast-iron production, and should deserve most serious 
consideration. 
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Education in Relation to the Foundry Trades. 


By B. Whiteley. 


Part HI. 


The Continuation School, as foreshadowed in the 
Act of 1918, while acknowledged to be a remarkable 
advance on existing educational facilities, will in all 
probability only prove to be a more or less temporary 
expedient. As the intrinsic value of real education 
becomes more apparent, and is more widely appreciated 
by the community, the scope of these schools will 
gradually widen, and they will be transformed or 
absorbed into centres for higher education. This, 
of course, is taking a long view of the question, but 
in educational matters, where results cannot be 
measured simply by material or mechanical means, nor 
even properly estimated by financial returns, this is the 
wisest view to take. There is also the possibility that 
employers may hasten this movement because of the 
difficulty of organisation caused by part-time employees 
referring a system of full-time school attendance to a 
Cite age to the present method. But even if ack- 
nowiedged to be only more or less a temporary arrange- 
ment, it is all the more necessary that they should be 
organised on the broadest lines, and should be developed 
and worked to the best advantage. 

Those who will be called upon to attend 
these schools will be those who from _ various 
reasons—the lack of accommodation and _ conse- 
quent opportunity, the poverty of parents, and 
the necessity of early becoming wage earners, as 
a result of later or slower mental development and 
resent inability to profit by an extended course of 
igher education, the carelessness of parents respecting 
the highest interests of their children, or other causes— 
cannot take advantage of a secondary course. To 
those who are already workers, the continuation school 
is intended to continue that development of their mental 
and physical facutties begun in the primary schools as 
far as under present day conditions is possible, so that 
they may be able to make the best use of whatever 
talents they possess, and become intelligent, thoughtful, 
and valuable citizens. Much will depend upon the 
manner in which these schools are organised, the 
elasticity and appeal of the curricula drawn out for 
them, and the quality and character of those 
placed charge of them. The future of 
the nation will largely hang upon the way 
in which these problems are approached. Ninety- 
five per cent. of the future manhood and womanhood 
of tne country passes through the primary schools, and 
the great majority of these wil! ir the near future attend 
for a shorter or longer period the continuation schools, 

In connection with the organisation and equipment 
of these schools, a point that will need to be borne in 
mind is the fact that though attendance at them is 
compulsory. they are designed for those who are just 
beginning to feel the impulses of maturer ‘life vibrating 
within them, and are intensely desirous of throwing 
off the restraining influences which have surrounded 
them in childhood. From this point of view it will be 
readily appreciated that the organisation equipment, 
curriculum and staffing of these institutions is of para- 
mount importance. What is true of all educational 
work will he particularly emphasised in these schools, 
that no real progress can be made unless the willing 
and hearty co-operation of all concerned is obtained. 
One may lead a horse to the water, but one cannot 
make him drink. 

It. will be at once apparent that the crucial problem in 
connection with continuation schools will be the obtain- 
ing of suitable individuals to take charge and direct 
them. Given that men and women of broad outlook, 
of lofty ideals, of strength of character, and of genuine 
sympathy with youth are obtainable, no limit can be 


set to the influence which these institutions will exert 
over the rising generation, but at the present the out- 
look does not seem particularly bright. | When one 
learns that to staff the schools at present in existence, 
even with the size of classes which are still allowable, 
and which are agreed to be impossibly large for real 
educative work, requires severa! thousand more teachers 
annually than are entering the service, one begins to 
wonder when it will be possible to make a real start 
with the Act of 1918. There can be no doubt that the 
amount of money already expended on educational work, 
large though it may seem, must of necessity be greatly 
increased, and 1t will be well for the country when the 
mass of the people learn to look upon such expenditure 
in the same way as they view the money spent upon a 
powerful navy, iirst as a safeguard to the nation, and 
further, as the laying of the foundation upon which a 
better future can be built. It would seem that up to 
the present, all that the last forty years of elementary 
education has done is to make the mass of the people 
keenly aware of their disabilities, without developing 
in them the power to discern their responsibilities, an 

to a great extent the work of developing this sense of 
responsibility will depend upon these schools for 
adolescents and the men who are in charge of them. 
The encouragement of initiative, individual effort, and 
self discipline must be the basis upon which these 
schools are built, and this will call for the highest type 
of character in the individuals who are to have the 
management of them. 

The curriculum and methods adopted will necessarily 
require to be suited to the ages and abilities of the 
students, tut it will be very advisable that in the 
grouping of the subjects and in their presentation to 
the pupils, as great a break as possible should be made 
with the ordinary idea of school, that the appeal to the 
ind‘vidual may be as strong as can be made. It is a 
necessity of our social intercourse that English should 
be studied. and this wil! form one section of the 
curriculum, but in its widest sense, and will include 
language. written and spoken and possibly with the 
greater emphasis on tho spoken ; literature, both ancient 
and modern; history and citizenship, geography and 
industry Then as the basis of our industry in all its 
varied forms is science, this, along with mathematics, 
will form a second section of the scheme of study, and 
wouid include definite manual work in the making of 
apparatus for the proper study of the sciences. As the 
value of a great part of our production is enhanced by 
its design and beauty, Art will be included as the third 
branch of study. Finally, recognising the value of a 
healthy body to assist the working of a healthy mind, 
part of the allotted time will require to be given to 
physical education in exercises and games, and in 
os gions as to the proper care and treatment of the 

Proceeding, in more or less detail, along these lines, 
the students would develop that power of initiative 
and comprehension which would enable them to begin 
to specialise in the study of the principles of the work 
in which they are engaged from day to day, and would 
assist them in appreciating the processes which they 
employ, and possibly in improving on these processes to 
the benefit of all concerned. 


SCARCITY OF IRON CASTINGS.—As illus 
trating the acute scarcity of iron castings, a 
Sheffield house has succeeded in obtaining supplies 
from Belgium by the expedient of sending to the 
founder the pig-iron to produce them. The Belgian 
founder had stated in reply to an inquiry that he was 
well equipped to turn out castings, but could not 
obtain enough pig-iron to keep his works going. 
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Cupro=-Titanium ; 
Its Value as a Deoxidizer and Denitrifier. 


By James Scort. 

Cupro-titanium appears to be gaining favour for use 
as a flux in molten brass, and is undoubtedly one of 
the best deoxidisers and denitrifiers for use with this 
series of metals. 

Titanium was really discovered in 1791, by McGregor, 
in some magnetic sand obtained from Menachan, Corn- 
wall; but he did not give that name to the element; 
nor was he, apparently, fully aware of the importance 
of the matter. He called the sand Menachinite, and 
the new substance Menachite. Four years afterwards, 
Kleproth declared that he, had found a new earth or 
element in some rutile (titanium oxide, TiO’), upon 
an investigation of which he was then engaged. e 
designated it titanium, from Titans of Greek mytho- 
logy. In 1797 the identity of titanium with mechanite 
(both being the same thing) was satisfactorily estab- 
lished. 

Quite a large number of minerals contain titanium, 
but it is seldom that it exists in large quantities in any 
particular area. The fact is not so widely known, how- 
ever, that it has been derived from certain kinds of 
coal, meteorites, the ashes of oak, apple, and pear 
woods, mammalian bones, cottonseed meal, and cow- 


peas. 

The methods adopted for the extraction of titanium 
from its ores, etc., are too complex to be described at 
present. The metal resembles steel in appearance, 
especially when polished. It is brittle in the cold state, 
but malleable at a red-heat. 

When titanium is strongly heated in air it burrs 
brightly, and is converted into the yellow oxide (TiO), 
which is also termed dioxide and peroxide. Its affinity 
for oxygen, when it is exposed to a sufficiently hig 
temperature, is thereby demonstrated. Upon heating 
titanium in pure oxygen it gives an intensely brilliant 
light. It also has a very strong affinity for nitrogen, 
with which it forms a nitride of metallic nature. 

Too little attention has been paid to the formation of 
nitrogen in alloys, and its desirable elimination. So 
much concern is given to the evolution of oxygen that 
it has, in a sense, obtained a monopoly of interest. 

But nitrogen, while less studied in connection with 
metals, undoubtedly tends towards developing per- 
nicious effects, and deserves to be seriously regarded. 

The benefits accruing from the use of titanium in 
stee! have for a long time been recognised and under- 
stood but those due to its activity in molten _ brass 
have not been so completely inquired into, and thus 
are not so well realised, though they are very evident 
in the final, solidified alloys. 

In passing, it may be pointed out that the bottoms 
of blast furnaces in which iron ore has been reduced are 
often covered with small, bright, copper-tinted, cubica! 
erystals of extreme hardness. These crystals were 
proved to be opposed of cyanide of titanium. 

There are several oxides of titanium— TiO; 
Ti,O, Ti,O,,: TiO,: Ti,O,; TiO,;—and any ot 
these may arise if the chance is afforded for its 
formation. Their colours are not so distinct as that 
of the commonest oxide, TiO;, which is yellow. In- 
sufficient regard is paid to the mechanical, as distin- 
guished from chemical service, in behalf of fluxes. The 
first must always precede the second, and unless it is 
quite satisfactory must be apt to cause inefficiency of 
treatment. 

What is meant in this direction will be understood 
by referring to the minute structural features of cupro- 
titanium. It should be noted that if a flux is porous, 
and split up into numerous distinct particles, it will 
more readily allow direct association of the gases in and 
molten metal to take place with it, than is likely to 
occur in cases where dense solidity is its main character- 
istic. These remarks are appropriate to a suitable sub- 


Ti,O ; 


stance, however small the sizes of the vieces into which 


it is broken may be. There will always be, down to 
the minutest dimensions, more available surface space 
exposed during the operations in the melt, than will be 
noticeable when too compact a condition is prevalent. 
These conclusions bear more intimately upon the meta!lic 
fluxes of very high me:ting points, rather than to those 
of low ones; because in the latter instances the added 
metal will melt so rapidly that uniform distribution 
may be expected before the gases produced cai 
have time to chemically combine with the alloy 
which is in course of preparation. On the other hand, 
in the event of a flux of high melting point being present 
as scraps of too dense a nature, it may crudely mix 
more readily with some of the other metals, and carry 
off a wasted proportion in the resultant slag. 

Melting points have been lately published as 
follows :—Copper, 1,084 deg. C. (1, deg. F.); zinc, 
419 deg. C. (786 deg. F.); and titanium, 2,210 deg. C. 
(4,400 deg. F.). These figures are approximate. See- 
ing that titanium melts at 2.210 deg. C. (approx.), it 
would presumably be still solid in a molten alloy if the 
particles were too large and dense, and so some of tbe 
copper and zinc would begin oxidising before the 
newly-evoked oxygen could properly attach itself to 
the titanium. The fact that alloys (e.g., cupro-tita- 
nium) have their melting points sometimes lowered 
below that of their components does not materially 
affect the argument. 

Of course, there are internal thermal effects in molten, 
cooling, and solidifying alloys, which may assist the 
modifications of the titanium content, which does not 
have to actually melt to absorb oxygen. Although, 
however, the comparatively recently introduced thermal 
observations on alloys during and after their liquefac- 
tion have proved of extreme value in many directions, 
much more has to be learnt before absolutely definite 
statements on the problems involved can be made. 

There is a great deal of difference between a de- 
oxidiser, etc., scattered inside a molten alloy the con- 
stituents of which are liable to become strongly oxidised, 
and the same element heated in an isolated state in air 
containing abundance of oxygen. It is doubtful if 
titanium takes up oxygen in molten brass until it is 
itself fluid, even if a superficial layer only is tested. 
Its fusion is probably accelerated by the other metals. 
The specific gravities of various components must cxer- 
cise some influence in molten alloys, but it would be 
difficult to explain precisely what the procedure is. 
Frothy liquids will buoy up heavy ones which wou'd 
otherwise sink. The specific gravity of copper is dif- 
ferently given as 8,94, 8.9; that of zinc as 7.1, 6.2, 
7.2; and that of titanium as 3.6 and 4.5. 

As already stated, besides deoxid*sing brass, cupro 
titanium is a powerful elim‘ ator of nitrogen, forming 
with that gas a nitride 


NEW SOURCE OF ALCOHOL.—Much attention has 
been given in recent years to the question of manu- 
facturing alcoho! within the Empire for use as motor 
- In the current number of the “ Bulletin ”’ of 
the Imperial Institute the possibility of utilising the 
mowra flowers of India for the purpose is discussed. 
These flowers possess thick, juicy petals, rich in 
sugar. They are used by the natives as a foodstuff, 
and especially for the preparation by fermentation of 
an alcoholic liquor called daru or mohwa spirit. A 
single tree will yield as much as 200 to 300 lbs. of 
flowers in a vear. It has been estimated that in the 
Hyderabad State alone there are already sufficient 
mowra trees for the production of 700,000 gallons of 
proof spirit per annum, in addition to that necessary 
for the local liquor requirements. It is suggested 
that the most profitable way of utilising the flowers 
would probably be as a source of mixed motor spirit 
of the ‘‘ natalite’’ type for use in India. That motor 
spirit can be produced on a manufacturing scale in 
India from mowra flowers has already been demon- 
strated, and it is stated that running trials with the 
sp rit proved satisfactory. 
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Defects in the Foundry 
Organisation. 


J. Hiscox. 


The foundry is one of the vital units of the factory 
organisation in the engineering industry, and as a con- 
sequence so much hinges upon an efficient foundry 
organisation that it is rather disconcerting to find that, 
in a great many engineering factories, the foundry is 
treated as being somewhat outside the pale, so far as 
modern methods are concerned. The machine-shop is 
modernised, and methods are devised with a view to 
increasing production. It is obvious that before a 
department can produce it must have the means. 
Increased output means increased intake, and this 
means a further strain upon the sources of supply. 
The foundry is a source of supply so far as the 
machine-shop is concerned, yet in many cases the 
capacity of the machine-shop is considerably increased, 
whilst no effort is made by the management to assist 
the foundry in meeting its increasing responsibilities. 

The foundry, in addition to being a source of supply, 
is a creative department, which means that it has to 
produce a definite article from the crude material. 
Further than this, the article it produces must usually 
be subjected to a number of machining and fitting 
processes ere it can be labelled complete, and so it 
will be observed that any delay or trouble in the 
foundry must adversely affect the arrangements of the 
departments responsible for subsequent processes. In 
these days of planning and scientific management this 
is particularly unfortunate, and so it is obvious that, 
in order to make machineshop planning a success, the 
foundry, together with the other creative departments, 
must have adequate attention. 

The structural parts of machines are for the most 
part castings, and this means that the real effective 
work is entirely dependent upon the foundry, seeing 
that until the castings are produced neither machining 
nor fitting can be «ith. 

From this point of view the efficiency of the foundry 
should be the first consideration, but this is not always 
the case. The foundry is left to grapple unaided with 
ever-increasing demands, and it may be that whilst 
everything is running smoothly within the foundry, 
all is well. It is. however, when internal troubles 
arise that the‘ effect is generally felt, and in the 
writer’s opinion many of these internal troubles of the 
foundry may be attributed to over-anxiety, brought 
about by the desire to overcome an inefficient organisa- 
tion with a view to meeting the demand. Castings are 
required, and the foundry must rise to the occasion, 
and in order to do so the standard of quality is not 
infrequently sacrificed. 

Assuming this to be so, the result is disastrous, even 
from a business standpoint, and what frequently is an 
initial gain ultimately may become a loss. Allowing 
for the capacity of the foundry to be commensurate 
with the capacity of the departments for which it 
caters, there is no reason to assume that the foundry 
cannot discharge its obligations without resorting to 
practices and expedients which may have a harmful 
effect upon the quality of the product. 

This desirable state of affairs, however, does not 
often exist, and an unfair burden is thrown upon the 
resources of the foundry. The factory planning is 
usually based upon the capacity of the machine-shop, 
and this shop must be fed with material. Part of 
this material must come from the foundry, where 
several processes are necessary before it is suitab‘e for 
machining, and so the work must be put in hand in the 
foundry almost as soon as instructions are received. 

It may be that in many instances defects are noticed 
in the foundry, and the castings at once replaced. 
But more often than not it is the secret defect. which 
is conducive to trouble, and this upon a much larger 


scale, seeing that other operations are performed before 
the defect is noticed. A chilled casting may be affected 
at one point only, and a certain amount of machining 
may be done before the fault is located. Thus, in 
addition to delay the actual expense incurred is con- 
siderable, for the time spent by the machinist must be 
paid for. Another case is where a blow hole is dis- 
covered during a boring operation, the outside turning 
having previously been done. These troubles are by 
no means exceptional; in fact, they are an everyday 
occurrence, and jin practically every instance they 
could have been obviated had proper care been given 
in the foundry. 

Small sand holes on the surface of the casting are 
a frequent cause of trouble, although the extent of 
the mischief wrought is determined by the “ finish ” 
of the article. Where the surface of the casting is lef 
rough small sand holes are not a serious defect, whilst 
in machining they may be almost entirely eliminated, 
but should the rough surface require plating and 
polishing, then sand holes have an adverse effect upon 
the finish of the article. It would seem therefore that 
the moulder should know the finish, and aso for what 
purpose the casting is required. He would then be in 
a position to arrange for the result to be in accordance 
with the requirement. 

It may be said that, at the present time, the foundry 
cannot always ensure sound castings, seeing that the 
labour is not all of the highest grade. The effects of 
the moulders strike have not yet been eliminated, and 
it is feared that some considerable time must elapse 
before the quality of the product will once again 
approach the standard. Practically every foundry is 
working at high pressure endeavouring to cope with 
ever-increasing orders, and al] this is against high-grade 
workmanship. 

The demand for skilled moulders greatly exceeding 
the supply, it is but sane policy to supplement their 
labours by the introduction of a lower grade of worker. 
The same procedure is followed jn other branches 
of the engineering industry, notably in the 
machining and fitting sections, but the quality 
of the product is still maintained, simply because the 
organisation assists the lower grade worker by pro- 
viding tools, jigs, etc., which enable him to turn out 
the job to the standard required. 

It is in this respect that the foundry organisation 
so often fails. It is true that machine moulding is 
gaining favour, but in many foundries the supply of 
machines is inadequate. The use of plate patterns, 
too, is not encouraged as it should be, and yet here 
is something which will not only increase production 
so far as actual quantity is concerned, but which also 
assists in the production of a better casting. In the 
case of a general foundry, catering for the needs of 
outside customers, there appears to be a disinclination 
to make use of plate patterns unless these are paid 
for by the customer, and as the latter, not under- 
standing their worth to him, will not stand this 
apparent expense, the opportunity of producing more 
and better castings is not taken advantage of. Where 
the order is large enough to justify the initial cost, or 
if there is a probability of repeat orders, it would be 
well for the foundry to take the initiative and thus 
gain the threefold advantage of (1) cheapening pro- 
duction; (2) satisfying the customer in the matter 
of delivery (and thus laying the foundation of future 
orders) ; and (3) satisfying the customer in the matter 
of quality. 

The foundry must wake up, if it is to maintain its 
position in the engineering industry. Already the die- 
casting of certain metals has become a commercial 
possibility, and although it is not at present an accom- 
plished fact, so far as iron and steel are concerned, it 
is certain that, unless the foundry is brought up to 
date and appreciates the needs of modern industry, 
rival processes will be evolved, which will have an 
adverse effect upon the f»ture prosperity of sand 
moulding. 
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Trade Talk. 


Tue headquarters of the Ministry of Munitions have 
removed to Caxton House West, Tothill Street, 
Westminster, 8.W.1. 

Tue registered offices of the Bengal Iron Company, 
Limited, have been transferred to Clutha House, 10, 
Princes Street, S.W.1. 

James Jackson & Company, LimIrep, 
closing down their works at Eckington, an 
ferring their business to Rotherham. 

A contract for 40 all-steel sleeping cars for the Inter- 
national Sleeping-Car Company’s services has been 
awarded the Seale Forge Company (Limited). 

Tue Esspw Vate District Counci has accepted the 
offer of Mr. Frederick Mills, Chairman of the Ebbw 
Vale Steel, Iron and Coal Company, to build a thousand 
houses in a year. 

Mr. Lascettes Parrincton, A.M.I.E.E., Collins 
House, 360-366, Collins Street, Melbourne, has been 
appointed sole agent in Australia for Wild-Barfield 

ectric Furnaces. 

Str W. G. Armstronc, WuitwortnH & ComPANy, 
Lrmtrep, have decided that for the time being their 
locomotive department will be closed on Saturdays, 
owing to shortage of material. 


ropose 
trans- 


For the of carrying out extensions to the 
Newcastle sw.) Steel Works, the Broken Hill Pro- 
prietary Company propose to issue bonds to the amount 
a some, and also 420,000 of the unissued shares of 

each. 

THE offices of the Association of British Chambers 
of Commerce are now at 14, Queen Anne’s Gate, West- 
minster, S.W.1, to which all communications should 
be addressed. Further notice will be given when the 
offices are ready for the use of members. 

Tue Execrric Company, Liirep, have 
secured the contract for the electrification of a sec- 
tion of the Midland Railway of New Zealand, the 
system to be 1,500 volts direct-current overhead con- 
tact. American competition for this contract was ex- 
ceptionally keen. 

Messrs. Murray Coomss & Ricnarps, 56, Moor- 
gate Street, E.C.2, have been appointed representatives 
for the United Kingdom and Europe by W. G. Watson 
& Company, Limited, Sydney, Australia, and in 
order to obtain more accommodation they are remov- 
ing their offices to Premier House, Southampton Row, 


Tue Sopwith AviaTION & ENGINEERING COMPANY, 
Lrurrep, having decided to go into voluntary liquida- 
tion, closed their works, and the services of 1,400 
employés have been dispensed with. It appears that 
the difficulties caused by restricted credit prevent the 
company from finding sufficient capital to carry on the 
business. 

Owrne to continual expansion, the Cambridge and 
Paul Instrument Company, Limited, have found it 
necessary to centralise their business organisation in 
London. Head offices and showrooms have been estab- 
lished at 45, Grosvenor Place, S.W.1. The showrooms 
will contain a wide and varied selection of instru- 
ments, both scientific and industrial. 

Crayton Wagons, are supplying the Great 
Eastern Railway Company with 64 sets of main-line 
carriage under-frames and bogies. The Vulean 
Foundry, Limited, have an order from the Great Cen- 
tral Railway Company for 10 four-cylinder 4-ft. 6-in. 
type locomotives, and Beyer, Peacock & Company, 
Limited, for five engines and tenders of the same size. 

Tue Executive Committee of the National Building 
and Engineering Brick Federation have passed a reso- 
lution deprecating, as a grave mistake, the omission of 
a maximum in the revised railway rate for goods in 
Class “ B.”” Tt was agreed to request the Ministry of 
Transport for an early conference in order to place the 
position of brick manufacturers, relative to the increase 
in railway rates, before the Ministry. 


Tue Consett Iron Company, Limirep, having com- 
pleted a portion of their scheme for the erection oi 
workmen’s dwellings at Villa Real, near Consett, on 
the bungalow principle, have applied to the Lanchester 
Rural District Council for certificate ‘‘ A,” to satisfy 
the requirements of the Ministry of Health. The firm 
has also intimated to the Rural Council that future 
dwellings will consist of three instead of two bedrooms. 

Pantec House, Griffithstown, was recently opened 
as a club and recreation institute for the em- 
ployés of Baldwins, Limited, by Mr. J. C. Davies, J.P., 
managing director of the firm. The house, with its 
—_s- rounds is the gift of the company to the 
employés of their Panteg Works. Mr. A. James, local 
manager, presided, and Mr. J. Fisher presented Mr. 
Davies, who has been elected president of the institute, 
with a gold souvenir key. 

A CONFERENCE has taken place between representa- 
tives of the National Alliance of Employers and 
Employed and the Industrial League and Council, as 
a result of which it has been agreed to recommend 
the amalgamation of these bodies. The Joint Execu- 
tives will meet shortly to consider the report and to 
work out the details. There will then be created 
the most influential body of employers and employed 
which has ever existed in any country. 

Deatinc with the present cost of building ships, 
Mr. F. Henderson, at the annual meeting of the 
Anchor Line (Henderson Brothers), Limited, said 
that the cost of operating and building could not 
continue because they were uneconomic, and artificial 
values never could last. Present costs would cause 
absolute disaster in the shipping trade inside twelve 
months, and unless such costs were reduced circum- 
stances would reduce them drastically. 

An International Advertising Exhibition is to be 
held in the great entrance halls of the White City, 
London, from November 29 to December 4. The 
buildings have an area of over 200,000 square feet, and 
the whole space is likely to be occupied by interesting 
and novel demonstrations of the power of modern 
advertising as an instrument of salesmanship. Those 
interested should communicate with the Administra- 
tor, Mr. Sam G. Haughton, 167. Strand. London. 

SATISFACTORY progress is being made with the scheme 
of grants which the Government are making to young 
apprentices whose training has been interrupted in 
consequence of the war. It is officially stated that up 
to quite recently Scotland has been well ahead of other 
parts of the country in the carrying out of the scheme. 
1,962 boys have received grants in the shipbuilding in- 
dustry, 552 being refused, and 958 lapsed, while in the 
Scottish iron-foundry trades 227 grants were given, two 
refused, and 26 lapsed. 

THe Committee of the London Iron and Steel Ex- 
change, Limited, have altered Rule 13 to the effect 
that if any subscriber should present to the Com- 
mittee of Management in writing a complaint that 
any other subscriber has behaved in a manner dero- 
gatory to his character as a man of business, the 
committee may suspend or expel such member. Sub- 
scribers and their clerks are to attend before the 
directors when required and give information relative 
to any matter under investigation. 

Tue Electricity Commissioners propose to reor- 
ganise the electricity supply jin parts of Cheshire, 
Derbyshire, Shropshire, and Staffordshire by consti- 
tuting this area a separate North-West Midlands dis- 
trict under the Electricity (Supply) Act, 1919. The 
area includes the boroughs of Congleton, Macclesfield, 
Bridgnorth, Shrewsbury, Wenlock, Stoke-on-Trent, 
Walsall, West Bromwich, Wolverhampton, Lichfield, 
Newcastle-under-Lyme, Stafford, Tamworth, and 
Wednesbury, and numerous urban and rural districts. 

Tue Trade Board for the stamped or pressed metal 
wares trade. has fixed minimum rates of wages, which 
came into force recently. The general minimum time 


rates for male workers range from 6d. an hour at 15 
to 1s. 2d. an hour at 20, the full rate for adults being 
For female workers the rates range 


1s. 4$d. an hour. 
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MOULDING MACHINES 


OF EVERY DESCRIPTION. 


Pneumatic, Hydraulic, Jar Ramming, & Hand Power. 


Type “A” Duplex Machine for Pneumatic Power. 


Fitted with self-adjusting Rammer Head which accommodates itself to any varying depth ot pattern. 


OVER ON THIS 
50 COMPLETE 
MOULDS an 

PER HOUR 

HAVE BEEN — UNSKILLED 


One of many that we have installed in various Munition Work Centres, 


JAMES EVANS & CO., BRITANNIA WORKS, 
BLACKFRIARS, MANCHESTER. 
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from 5d. an hour at 15 to a maximum of 9d. an hour 
for those of 18 years and over. The piece-work basis 
time rates for female workers range from 6d. an hour 
at 15 to 10d. an hour at 18 and over. The normal 
working week js fixed at 47 hours. 

THe Untrep Steen Companres, Liwirep, have now 
acquired the ironworks at Wellingborough belonging to 
Messrs. Thomas Butlin & Company, Limited, and nego- 
tiations have been concluded for the acquisition, by 
an exchange of shares, of the whole of the ordinary 
share capital of Messrs. Daniel Doncaster & Sons, 
Limited, one of the best known among Sheffield’s 
private steel firms, and that of the Martino Steel and 
Metal Company, Limited, of Birmingham and Coven- 
try, as well as 50,000 ordinary shares in Thomas 
Smith’s Stamping Works, Limited, of Coventry. 

A “RECORD” output of tonnage for the first eight 
months of the year is recorded by the Clyde shipyards. 
Since the beginning of the year 139 vessels, aggregat- 
ing 430,244 tons, have been launched. The previous 
record was set up in 1907, when 166 vessels of 
421,085 tons were launched during the first eight 
months. The August total consisted of 24 vessels of 
79,982 tons gross. The only year in which the August 
return was better was 1912, when 24 vessels of 87,600 
tons were launched. If this is to prove a “‘ record ” 
year, an average output of 81,700 tons must be main- 
tained for the next four months 

Tue London and North-Western Railway Company 
recently ran an express train from Euston to Birming- 
ham drawn by an engine burning oil fuel only. The 
system utilised was that of the Scarab Oil-Burning 

mpany. Fuel consumption works out at 700 lb. of 
oil instead of one ton of coal, and it is claimed that 
locomotives constructed with coal-burning furnaces can 
be adapted for oil-burning in four days. For some 
months the locomotive referred to has been running ex- 
perimentally on ordinary passenger service, drawing both 
express and slow trains, and the London and North- 
Western Railway Company have expressed themselves 
completely satisfied with the results. 

Ar a recent private meeting of the Joint Industrial 
Council of the Tin Mining Industry at Camborne, 
reports were received from several managers, who 
expressed the hope that they would be able to con- 
tinue working the mines until] new arrangements now 
in hand could be completed. The Council expressed 
regret at the large number of experienced miners who 
were leaving the county for foreign lands, principally 
the United States. In many cases the men were going 
with their families, about 45 families have already 
gone. From Camborne and neighbourhood it was 
stated that over 300 miners had gone abroad recently, 
and a similar number were bcoked to go. 

Erirn’s Company, LimitTep, have in 
hand orders for nineteen Erith-Riley stokers of the 
capacity of those supplied to the Edinburgh Corpora- 
tion, viz.:—Fourth repeat order, Calcutta E.S. Cor- 
poration, three stokers; first order, Union d’Electricite, 
Paris, four ditto; repeat order, Union d’Electricite, 
Paris, four ditto; and Cie Parisienne de Distribution 
Electrique, eight ditto, each stoker being suited for a 
boiler raising 80,000 Ibs. of steam hourly. In addition, 
the company are furnishing, to the order of Messrs. 
Preece, Cardew & Rider, six stokers, for boilers each 
raising 92,000 lbs. of steam hourly, with low-grade fine 
slack. 

A commrTTEE has been appointed by the Home Secre- 
tary to consider whether it is desirable that the Fac- 
tory and Workshop Acts should be so amended as to 
allow women and young persons to be employed on 
the system of two day-shifts, and, if so, what should 
be the length of the shifts and the time for beginning 
and ceasing work. The committee consists of :—Mr. 
T. W. H. Inskip, K.C., M.P. (chairman); Mr. W. A. 
Appleton (secretary of the General Federation of Trade 
Unions); Mrs. D. Colman, M.D.; Sir Malcolm 
Delevingne (Home Office); Miss F. Durham (Ministry 
of Labour); Mr. F. W. Mallalieu, M.P.; and Miss 
Julia Varley (Workers’ Union). The secretary is Miss 
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F. I. Taylor, 
Office. 

Tue directors of the Tinsley Rolling Mills Company, 
Limited, state that in May last they decided to issue 
further capita] to the extent of £55,000, £35,000 being 
in ordinary shares and £20,000 in 8 per cent. preference 
shares, the money to be used for extensions to the 
company’s plant, and chiefly for an up-to-date mill, 
with railway connections, on the land acquired a few 
years ago. The new capital was quickly applied for, 
and as it was very much over-subscribed on the second 
day, the lists were then closed. The new plant is well 
in hand, and although, owing to labour troubles and 
other causes, the work has not made the progress which 
was hoped for, the directors fully expect that for a 
few months in the financial year ending June 30 next 
the company will have the benefit of revenue from 
the new mill. 

Tue Electricity Commissioners have sanctioned the 
construction by the Nottingham Corporation of a 
generating station on the banks of the Trent, at Clif- 
ton. The work is proposed to be carried out in three 
sections, the first of which js estimated to cost £750,000. 
A second section would increase the outlay to 
£1,000,000, and the third would raise it to £1,500,000. 
When the Corporation made its application to the Com- 
missioners, there was also an application from the 
Derbyshire and Notts. Electric Power Company, who 
desired to erect a station at Colwick. The Commis- 
sioners intimated that they could not see their way to 
sanction two stations, but in granting the application 
of the Corporation they have imposed certain condi- 
tions, one of which is that they shall supply to the 
Derbyshire and Notts. Company such _high-tension 
energy in bulk as the company may require, on terms 
to be agreed, or, failing agreement, on terms to be 
settled by the Commissioners. Another condition is 
that if a joint authority should be set up for the dis- 
trict under the Electricity Supply Act of last year, the 
Corporation shall, if required by that authority, and 
if directed by the Commissioners, transfer the station 
to the joint authority, the Corporation being reimbursed 
on certain terms. At present the Corporation propose 
to erect only the first portion of the authorised works. 

THe modernisation of the iron and steel works of 
the Palmer Shipbuilding and Iron Company, Limited, 
is being actively carried forward, and the results 
obtained from the plant already in operation have 
amply justified the expenditure." To further ensure 
supplies of raw material, the company have purchased 
interests in various subsidiary companies, in most of 
which they hold the whole of the shares. Among 
these are the South Pelaw Colliery, which is advan- 
tageously situated for the company’s works, and pro- 
duces a coal suitable for coking purposes. Also the 
shipyard at Amble, which is being adapted for build- 
ing steel vessels of a smaller type than those built at 
Jarrow and Hebburn. Orders are already in hand for 
this yard. The company have also formed the Hebburn 
Transport Company, Limited, which has purchased 
two steamers for the carrying of iron ore. Other small 
craft and motor lorries for the carriage of the com- 
pany’s manufactures have also been bought. Shares 
have also been purchased in the Rouina Ore Mines, 
in the Ship Salyage Corporation, Ltd., and the Ran- 
some Machinery Company (1920), Limited. for the 
purpose of serving the company’s interests. To allow 
for the developments of the company‘s operations, the 
freehold of over 200 acres of land has been purchased 
at Monkton, near Jarrow, which will be utilised as: 
required. 

Tue directors of Alfred Hickman, Limited. have 
issued to their shareholders particulars of the offer for 
the ordinary and cumulative participating preference 
shares which they have received from Stewarts and 
Lloyds, Limited, together with a form of acceptance. 
The directors have themselves accepted the offer, and 
they recommend its acceptance by the shareholders. 
It is embodied in a provisional agreement of August 
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MACNAB 


Tabor Patent 
Portable 


Combination 
Shockless Jarring 
Roll = over 


MOULDING MACHINE 


Capacities and 
Dimensions furnished 
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for all types of machine moulding, 

according to class of work and 
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The Finished Mould—showing Pattern 
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conditions and quantities, 
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21, which is conditional on its approval by holders of 
at least 80 per cent. of the shares mentioned before 
September 15. Subject to the condition and the pass- 
ing of the necessary resolutions by the shareholders of 
Stewarts and Lloyds, Limited, the completion of the 
purchase is fixed for October 31. A meeting of the 
shareholders of Alfred Hickman, Limited, will be held 
at Birmingham to-day (Friday). The shareholders in 
Alfred Hickman, Limited, have received an interim 
dividend of 74 per cent., free of tax, whereas the 
shareholders in Stewarts and Lloyds, Limited, have not 
received any such dividend, accordingly the rights of 
the new shares to dividend for the current year are 
limited, as stated in the offer. The offer of Stewarts 
and Lloyds, Limited, which is to acquire the ordin 
and participating preference shares in Alfred Hickman, 
Limited, in exchange partly for deferred shares in 
Stewarts and Lloyds, Limited, and partly for cash, is 
in the following terms :—For each £1 share in your 
company, whether ordinary or cumulative participatin 
preference :—(a) The issue of one deferred share of £ 
in Stewarts and Lloyds, Limited, credited as fully paid 
and ranking pari passu in all respects with the existing 
fully paid deferred shares, except that they shall be 
entitled to receive per share only one-half of the total 
dividend and bonus declared and paid or to be declared 
and paid per share by Stewarts and Lloyds, Limited, 
on the existing deferred shares in that company for the 
year ending December 31, 1920; and (6) the payment 
of 7s, 6d. cash and a sum equal to interest thereon at 
7 per cent. per annum from July 1 last. Each 
shareholder in Alfred Hickman, Limited, has also 
been furnished with a copy of the following letter : 
In the event of the agreement becoming absolute, 
the understanding is that three directors of your 
company be elected on the board of Stewarts and 
Lloyds, Limited, and three directors of that company 
shall be elected on your board. While our board has in 
the past declared a dividend and bonus of 124 per 
cent., free of income tax, they will be prepared in the 
future to give favourable consideration to the policy, 
if the profits justify such a rate of distribution, of 
paying 15 per cent., free of income tax, on our deferred 


shares. The letter is signed by Mr. J. C. Stewart, 
chairman of Stewarts and Lloyds, Limited. 
Deaths. 


Tue death is announced of Mr. John H. Shaw, Super- 
intendent Engineer, Marine Department, North British 
Railway. 

Tue death is announced of Mr. A. Gavin, J.P., 
managing director of the Dalmellington Iron Company, 
Limited, in whose service he had risen from the secre- 
taryship, which he held for 30 years till 1905, to 
general manager and secretary, and eventually manag- 
ing director. Three years ago he was presented by his 
colleagues on the board with his portrait in oil, on 
completion of 65 years’ service with the company. 

Tue death took place suddenly, on Monday, August 
23, at his residence, ‘‘ Glenbrooke,’’ Victoria Avenue, 
Stockton, of Mr. N. Downing, after a brief illness. 
The deceased gentleman, who was 70 years of age, went 
to Stockton in 1873, and two years later commenced 
business as an ironfounder. The concern flourished, 
and in 1915 was made a private limited company, under 
the style of N. Downing & Sons, Limited, Clarence 
Foundry, Railway Street, Stockton-on-Tees. 


THE FOUNDRY TRADE JOURNAL. 


Personal. 


Tue late Mr. R. B. Fraser, engineer, of Balliol Road, 
Bootle, Lanes., left £4,167. 

Tue late Mr. Thomas Simms, of 117, Walter Road, 
Swansea, metal broker, left estate valued £16,448. 

Mr. T. M. Heaty, K.C., has been elected a director 
of the Great Southern and Western Railway in Ireland. 

Tue late Mr. E. H. Smith, a director of N. Hingley 
& Sons, Limited, left estate of the gross value of 
£10,616. 

Tue late Mr. Alfred Beckett, of Summerhill, 
Sheffield, left estate value of £11,289, net personalty 
£13,960 


Tue tate Mr. J. RicHarpson, of Lincoln, late of 
Robey & Company, Limited, left estate valued at 
£10,779 gross. 

Tue late Mr. J. W. Sissons, of Messrs. John Jowett, 
edge tool manufacturers, Albion Works, Sheffield, left 
estate of the value of £39,584. 

Tue late Mr. John Ainley, of Merlewood, Moor- 
gate Grove, Rotherham. Yorkshire, _ rolling-mill 
manager, left estate valued £6,531. 

Tue late Dr, Charles Workman, a director of Work- 
man, Clark & Cumpany, Limited, left personal estate 
in the United Kingdom valued at £96,797. 

Tue late Mr. Henry Samuel Bickerton Brindley, of 
49, Ashley Gardens, Westminster, and of Brindley and 
Elbourne, consulting engineers, left £29,560. 

Tue late Mr. Colin Maclaren, Hyndfordlea, Lanark- 
shire, formerly proprietor of the Stenton Ironworks, 
Wishaw, left estate of the gross value of £48,108. 

THE late Mr. William Thomas Henney Carrington, 
M.1.C.E., of Chelsea Court, S.W., son of the late Ed- 
mund Charrington, of Cheltenham, left estate of the 
value of £41,924. 

Tue late Mr. John Henry Jose, of Victoria Park 
Road East, Cardiff, technical adviser to the Bristol 
Channel Engineers’ and Shipbuilders’ Employers’ 
Association, left estate of the value of £1,598. 

Mr. ANDREW Brown, M.I.Mech.E., Assoc. M.I.C.E., 
who has been London representative for Messrs, James 
Carrick & Sons, Ltd., crane-makers, Edinburgh, for 
many years, has been elected to the board of directors 
of that company. 

Estate of the gross value of £101,927 has been left 
by the late Mr. A. C. Wright, chairman of the Bor- 
desley Engineering Company, Limited, and Wm. 
Roberts (Tipton), Limited, and a director of the Lillie- 
shall Company, Limited, and Sperryn & Company, 
Limited. 

Proressor Jorn Bretianp Farmer, D.Sc., M.A., 
F.R.S., Imperial College of Science and Technology, 
has been appointed by an Order of Council dated 
August 28, 1920, to be a member of the Advisory 
Council to the Committee of the Privy Council for 
Scientific and Industrial Research. 


Book Review. 


Debentures; the purposes they serve and how they 
are issued.— Messrs. Jordan & Sons, Limited, 116 and 
117, Chancery Lane, W.C.2. (Price 1s. 6d. net.). 
This publication, which is the ninth edition, deals, as 
usual, with the principles governing the use and issue 
of debentures, together with notes on their transfer 
and re-issue. Some hints and a useful index conclude 
the book. 


16, South Castle St., 
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Telephone—CENTRAL 7720. 
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181, Queen Victoria Street, 
London, E.C. 4. 


(ADJOINING BLACKFRIARS UNDERGROUND STN. AND L.C.C. TRAMS TO ALL PARTS 


Inland—Blakfounco, Cent. London. 
Telegrams \ Cables—Blakfounco, London. 


Code: A.B.C, 5th Edition. 


IHE BLACKFRIARS FOUNDRY REQUISIT 
— and EQUIPMENT Co. 


H. E. RICKETTS. 


“FOUNDRY SERVICE” 


— FOR — 


EVERY DESCRIPTION OF FOUNDRY EQUIPMENT. 


GANISTER.| FIRECLAY. | FIREBRICKS.}| CORE GUM.] “GLUTRIN” | CORE OIL. CORE VENT 


SANDS BLOWERS mo FANS SANDS 


ERITH SELECTED. | Ere] CORNISH. 
» MEDIUM. — CRANE LADLES CUPOLAS. PLUMBAGO. YORKSHIRE 
CO 


& BELGIAN 


MANSFIELD | CUPOLA HOISTS. SANDS. 


PIG IRON. | IRONCEMENT| GOGGLES. | WOOD MALLETS} BEES WAX. }COAL DUST, 


AND ALL OTHER FOUNDRY SUPPLIES. ¥ 
PRESSED STEEL MOULDING’ BOXES. 


Pins, 
Handles and Cheaper and 
Pouring lighter than 
Holes made t B 
to any cas oxes. 
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q 
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New Companies. 


Motherwell Foundry Company, Limited. — Capita! 
€30,000 in £1 shares. 

Batey Metallic Packing Company, Limited.—Capital 
£10,000 in £1 shares. 

G. & R. Firth, Limited. — Capital £10,000 in £1 
shares, to carry on business as carbonisers. 

Engraving Metals, Limited. — Capital £40,000 in £1 
shares. Registered office: Liffords Lane, King’s Norton. 

Fastnut Subsidiary, Limited.—Capital £30,000 in £1 
shares. Registered office: 49, Queen Victoria Street, 
E.C. 

Insulating Products, Limited.—Capital £10,000 in £1 
shares. Registered office: Cleadon Lane, East Boldon, 
Durham. 

Weyside Engineering Works, 
£10,000 in £1 shares. 
Surrey. 

Advance Engineering Company, Limited. — Capital 
£10,000 in £1 shares. Registered office: 195, High 
Street, Hull. 

Rowlandson (Engineers), Limited.—Capital £5,000 in 
£1 shares. Registered office: Rigby’s Buildings, 21, 
Dale Street Liverpool. 

Abbey Sheet Metal & Stampings Company, Limited .— 
Capital £5,000 in #€1 shares. Registered office: 68, 
Victoria Street, S.W. 

Star-rort, Limited.—Capital £100,000 in £1 shares, 
to carry on business as engineers. Registered office : 
16, Philpot Lane, E.C. 

Lancashire Engineering Equipment 
Limited.—Capital £10,000 in £1 shares. 
office: Albion Street, Chorley. 

John Reid (London), Limited.—Capital £25,000 in 
€1 shares, marine engine manufacturers. Registered 
office: 4, Lioyd’s Avenue, E.C. 

H. C. Siddeley & Company, Limited.—Capital £5,000 
in £1 shares, to carry on business as engineers. Regis- 
tered office: Australia House, W.C. 


Limited.—Capital 
Registered office :—Guildford, 


Company, 
Registered 


Southall & Smith, Limited.—Capital £100,000 in £1 ° 


shares, machine manufacturers. Registered office: 149, 
Villa Street, Hockley, Birmingham. 

Finedon Foundry Company, Limited.—Capital £5,000 
in £1 shares (3,000 10 per cent. cum. pref.). Registered 
office : 52, Sheep Street, Northampton. 

E. Frewer & Sons, Limited.—Capital £10,000 in £1 
shares, to carry on business as engineers. Registered 
office: Cumberland Park, Scrubbs Lane, N.W. 

Maycock, Limited.—Capital £5,000 in £1 shares, to 
carry on the business of machinery merchants, etc 
Registered office: 3, Chapel Street, Stalybridge. 

Heckford Metal Company, Limited.—Capital £5,000 
in £1 shares. Registered office: Norwich House, 
Southampton Street, High Holborn, London, W.C.1. 

George Porteus & Sons (Leeds), Limited. — Capital 
£20,000 in £1 shares, to carry on the business of iron- 
founders. Registered office: Leeds Bridge Works, Leeds. 

P. Houghton & Company, Limited.—Capital £5,000 
in £1 shares, to carry on the business of ironfounders. 
Registered office : Wellfold Foundry, Clitheroe, Lancs. 


W. H. Doherty & Son, Limited.—Capital £5,000 in 
€1 shares, to carry on the business of sheet metal 
workers. Registered office: Norton Street, Baldock, 
Herts. 

H. L. Nathan, Limited.—Capital £1,000 in £1 shares, 
to carry on the business of electroplaters, stampers and 
piercers, etc. Registered office: 16, Regeut Place, Bir- 
mingham. 

John G. Scott, Limited. — Capital £15,000 in £1 
shares, to carry on the business of iron, steel, and 
hardware merchants, etc. Registered office: 42, Frede- 
rick Street, Edinburgh. 
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Cutting & Muir, Limited.—Capital £5,000 in £1 shares 
(2,500 10 per cent. cumulative preference), to carry on 
the business of engineers. Registered office: 29, St. 
Matthew’s Street, Ipswich. 

Titan Foundry & Engineering Company, Limited. — 
Capital £10,000 in £1 shares. First directors: E. Law- 
rence, J. Bowles, R. A. Minor, W. R. Wills, W. L. 
Forsdike, and G. R. Sparrow. 

Rowbothams (Ventilating Engineers), Limited. — 
Capital £1,000 in £1 shares, to take over the business 
of Mr. J. C. Rowbotham, at Westholme Street Metal 
Works, Thornton Road, Bradford. 

Staffordshire Spring Company, Limited. — Capital 
£5,000 in £1 shares, to take over the business of A. 
Spencer, at Hill Top, West Bromwich. Registered 
office: 33, Hill Top, West Bromwich. 

Cranes (Derenam), Limited.—Capital £8,000 in £1 
shares, to take over the business of engineers carried 
on by E. W. Crane and W. F. Crane, at South Green 
Works, East Dereham, as William Crane. 

Wallace Brothers Metal Company, Limited.—Capita] 
£30,000 in £1 shares, to take over the business of 
Wallace Brothers, metal merchants and refiners. Re- 
gistered office: 284, Crownpoint Road, Glasgow. 

International Abrasives. — Capital £15,000 in €1 
shares, to carry on business as crushers, graders, and 
dealers in abrasives and other materials. Registered 
office: Atlas Foundry, Commercial Street, Middles- 
brough. 

Newton Collins, Limited. — Capital £3,000 in £1 
shares, to carry on the business of manufacturers of 
ventilating and dust extracting plant, engineers, etc. 
Registered office: Essor Works, Bishop Street, Bir- 
mingham. 

Clayton Brothers (Ironfounders), Limited. — Capital 
£20,000 in £1 shares (15,000 8 per cent. cumulative 
preference). Directors: W. W. Spooner and J. Led- 
zard. Registered office: Bowling Green Foundry, Well 
vane, Halifax. 


Alexander Jack & Company, Limited. — Capital 
£45,000 in £1 shares, to take over the business of en- 
gineers and crane makers, carried on by Alexander 
Jack & Company, at Whitegates Works, Motherwell. 
Registered office : Motherwell. 

Blackheath Stamping Company, Limited. — Capital 
£5,000 in £1 shares, to acquire the business of manufac- 
turers of drop forgings carried on as the Blackheath 
Stamping Company. Registered office: Station Road, 
Blackheath, Birmingham. 

Mark L. Sykes, Limited.—Capital £5,000 in £1 
shares, to take over the business of a boiler specialist 
and boiler setting and consulting engineer, carried on at 
Leeds and Scarborough. First directors: M. L. Sykes, 
A. R. Jones, L. Knowles, and A. Pettitt. 


Excelall Metal Workers, Limited.—Capital £4,000 in 
£1 shares, to acquire the business carried on at the 
Excelall Works, Sampson Road North, Birmingham, 
and to adopt an agreement with W. G. Hill. Regis-- 
tered office: Sampson Road North, Birmingham. 


Swan Engineering Works, Limited.—Capital £5,000 
in €1 shares, to take over the business carried on at 
ed Docks, Glamorgan, as the Dock Engineering 
Works (Barry). G. P. Swan is managing director. 
Registered office: No. 7 Tip, Parry Dock, Glamorgan. 


Osted, Limited.—Capital £5,000 in £1 shares, to take 
over the business of engineers, etc., carried on by O. C. 
Quested, A. Whitehouse, and R. H. Edwards, at Vic- 
toria Street, Stourbridge, as the Osted Manufacturing 
Company. Registered office: Victoria Street, Stour- 
bridge. 

A. and J. May, Limited.—Capital £2,000 in 1,000 
preference shares of £1 each, and 2,000 ordinary shares 
of 10s. each, to carry on the business’ of mechanical 
engineers, etc., and to adopt an agreement with J. F. 
Broom. Secretary, P. Sayers, Registered office: 121, 
Kingsway, W.C. 
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Telephone: 21, Penistone. Telegrams: “ Durrano, Penistone.” = 


Established 1863. 


JAS. DURRANS & SONS, 


Phenix Works, Penistone, 


Manufacturers of all 


FOUNDRY EQUIPMENTS 


COMPOSITION BLACK LEAD, PLUMBAGO, CORE GUM, WHITE DUST & COAL DUST 


Ladles, Cupolas, Fire Bricks, Gannister, Stone Flax, Loam and Sand Mills, 
Casting Cleaners, Studs, Chaplets, Pipe Nails, Sprig«, Brushes, Wire Brushes, 
Core Ropes, Bellows, Buckets, Spades, Forks, Riddles, Sieves, Barrows, Etc. 


Improved Foundry Rattler or Fettling Drum. 


These Machitnés are invaluable for a Foundry, doing a larger amount of work ofa 
ten anon quality, in a much shorter time than can be done by hand, without skilled 
labour, 
Tre following testimonial explains itself :— 
‘Dear Sirs,—We have been using your best Blacking for a large number of years, and always use it on our 
large Ingot Moulds, which, as you know, we have made up to 85 tons in weight. e 
Yours faithfully. THE BRIGHTSIDE FOUNDRY & ENGINEERING CO., LD. 
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Kilmarnock Foundry Company, Limited. — Capital 
£50,000 in £1 shares, to carry on business as founders 
in iron and other metals, engineers and manufacturers ; 
agreement with Grint Ritchie & Company, and the 
North British Diesel Engine Works. Registered office: 
South Street, Whiteinch, Glasgow. 

Charles Eades.—Capital £3,000 in £1 shares, to take 
over the business of engravers and machinists carried 
on by H. A. Perkins and H. L. Parkins, as ‘‘ Charles 
Eades,’’ at 79, Staniforth Street, Birmingham ; also to 
carry on the business of stampers, piercers, metal 
workers, stencil cutters, printers, etc. Registered 
office: 79, Staniforth Street. 

James Maude & Company, Limited.—Capital £20,000 
in £1 shares, to take over the usiness of 
engineers, etc., carried “at at Mansfield, Notts, 
by James Maude & Company. First directors: 
G. A. Fish, Jane Taylor, J. E. Fish, G. B. 
Fish, W. J. Taylor, and H. C. Taylor. Secretary : 
S. B. Fish. Registered office: Bottle Lane, Mansfield, 
Notts. 

John Pickles & Son (Engineers), Limited.—Capital 
£50,000 in £1 shares, to take over the business of 
G. Pickles at Mytholm Road, Hebden Bridge, as John 
Pickles & Son, and to adopt an agreement with G. 
Pickles, H. Pickles, C. Pickles and F. Pickles. First 
directors: G. Pickles, H. Pickles (secretary), C. 
Pickles, and F. Pickles. Registered office: Mytholm 
Works, Hebden Bridge, Yorks. 

Spencer-Bonecourt, Limited.—Capital £120,000 in £1 
shares (70,000 preferred), to acquire the business car- 
ried on by W. H. Spencer & Company and the patent 
rights belonging to the Bonecourt Waste-Heat Boiler 
Company, Limited; to carry on the business of boiler 
and water heater makers, founders, engineers, etc. 
First directors: C. W. Catt, A. L. Hitchcock-Spencer, 
P. A. Sharman, and P. St. G. Kirke. Secretary: W. 
Gregson. Registered office: Parliament Mansions, Vic- 
toria Street, Westminster. 


Fullerton, Hodgart & Barclay, Limited. — Capital 
£250,000 in £1 shares (75,000 6 per cent. cumulative 
preference, 125,000 ‘‘ A’”’ ordinary, and 50,000 “B” 
ordinary), to acquire the business of engineers, mill- 
wrights, boilermakers and founders, carried on at Vul- 
can Works, Paisley, by Fullerton, Hodgart & Barclay, 
Limited (in liquidation). Directors: G. Barclay, J. A. 
Balderston, G. L. Muir, R. G. Somerville, H. M. Hod- 

rm, and J. C. Tannett. Registered office: Vulcan 

orks, Renfrew Road, Paisley. 


Publications Received. 


Automatic and Electric Furnaces, Limited.—We have 
received a copy of the Heat Treatment Bulletin No. 24, 
June, 1920, issued by the Automatic and Electric 
Furnaces, Limited, and dealing with the volume 
changes in the heat treatment of steel. The volume 
changes occurring jn different steels with varying tem- 
peratures, and their effect in heat treatment operations 
is very clearly set forth by the writer, Dr. Aitchison. 


The British Aluminium Company, Limited.—We have 
received from Messrs. The British Aluminium Com- 
pany, Limited, additional numbers to their highly 
interesting sheets in loose-leaf form, containing data 
respecting aluminium and its properties. Sheet 
A.M. 10 summarises the advantages accruing from 
the employment of aluminium for automobile wheels. 
Sheet F.U. 1 deals with the use of aluminium 
wheels. Sheet F.U. 1 deals with the use of aluminium 
cauls for veneering; this application of the metal has 
not so far been developed to any extent in this 
country, although it is common in North America. 
A second edition of their booklet, ‘‘ Hints on Work- 
ing Aluminium Ingots.”’ has also been issued. 
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WE SUPPLY THE LEADING FIRMS IN THE TRADE WITH 


FOUNDRY BLACKINGS 


OF ALL KINDS 
COAL DUST, CHARCOAL, PLUMBACO and BLACK-LEAD .: RE GUMS and al) Foundry Requisites, and have 
done so si ce 1831. 


& I. WALKER, ROTHERHAM. 


Our Specialite is Studying Special Requirements. 
KINDLY HAND US YOUR ENQUIRIES. 


are always 
successiul in the 


NS struggle for the 
F A ENQUIRIES FOR Mastery oi the Air 
Ventilation of Ships, Buildings and Mines, Induced Draught on Boilers, Dust 
Removal, High Pressure Fans for Forge Fires and Cupolas, Air Washers for 


Cooling and Purifying the Air, Fans for Removing Fumes or Steam, Steam 
Heater Units for Heating Factories and Workshops. 


Davidson & Co., Limited, 


GANISTER, CUPOLA BLOCKS, FIRE BRICKS, 


FIRE CLAY. 
Silica Bricks, Tuyeres, Stoppers, Nozzles, &c. 
STEEL MOULDERS’ COMPOSITION, SILICA CEMENT. 


J. GRAYSON LOWOOD & Co., Ltd., 


DEEPCAR nr. SHEFFIELD. 
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MONTHLY PRICE LIS 
‘ai - s ified, are those obtaining att 

The undermen the current. month. 
*Cobalt Metal. £ 8. 4. 
Copper oo 6 
Pig-iron. Home one £ 8.4, of a. | 97— purity, per j 

Hematite— | Standardcash .. 0 96 0 0 | . 
| * Net, delivered Sheffield Works, 

West Coast Mixed Nos. .. 14:15 Tough ..105 0 0107 O | 

Scottish Mixed Nos. ++ 14 5 Best eclected Scrap won one 

Welsh Mixed Nos. 0 4 | Steel scrap, heavy melting = 
_ American electrolytic spot! 0 ; | Iron scrap cast (cupola metal) — 

No. 5 foundry G.M.B. 11 5 0 Official average price cash, Aug. 15 19 | Heavysteel .. 
No. 4 foundry - 11 5 0 | Do. Three months, Aug .. Light ,, 
No. 4forge .. 5 Do. Settlement, Aug. itt Heavy cast . 

Basic .. ee ee Do. oe 108 12 2 Without Analysen Per ton. 

3 | Steel planings, turnings and borings 9 15 0 
No. 2 foundry oe - 14 6 6 | Steel planings, turnings and borings 
No. oe Cash 268 15 0 269 0 mixed with wrought-iron or other ome 
Basic “th 74 10 material . 

No. 2 foundry Heavy stee] melting scrap not over 
No. 1 foundry — 972 0 0 | 0.04 per cent. P. and 8 10 10 0 
Basic 1210 0 Official average price, cash, Aug. 274 510 | Heavy steel melting scrap not o 
South — Do. — Aug. .. 19 | 0.05 per cent. p. ands. .. 
ordshire, Shrops a Do. Settlement, Aug. 2 Wrought-iron Scrap. 
13 7 6 Average petes, Aug. (a) and sections, not £ 8. a. 
Part-minefoundry 1310 0 | | less than in. thick, reasonably 
é ne forge ees ee | Remelted.. .. .. 32 0 0 = scrap and chain scrap not less 
oe "1313 6 Hard 2610 0 27 0 0 | than in. dia, 1015 0 
found an Electro 99.9 att © (b) Heavy W.1. scrap not less than 
Cold biast 5 0 | English .. 4210 © + in, thick including horseshoes, 
as ee + "4217 6 | India oe es -- 3310 0 34 0 0 | rivets and bolts, and scrap there- 

Boottis' Do inglish .. W.1I. scrap under } in. thick, a 

No. 3 .. 13 10 0 Zine ashes, per cent.70% 810 0 — included in 
411 £.0.¢. furnace | Official average price, Aug. .. os * = 65 | classes 1, 2 and 3 a - 1015 0 

Delivered in Manchester— Average spot price, € | @) Mixed W. 5 0 
| Soft foreign inet) .. .. .. 34.17 6 | Wroughtiron plenings, tumings 
*Scottish, No. 3 English 7 0 other materials . 715 0 

* Merchant prices. _ Official average price, Aug. -- 36 8 103 (4) W.I. planings, turnings and 
| Average spot price, Aug. .. -- 36 5 11g borings .. 717 6 
Delivered in Sheffiela— } Antimony. 
15 0 0 Credo 85 0 0 0 Heavy ord., broken, between 1} ewt. 4. 
o. 3 foun .. Nominal, ewt. each 
Aluminium. 1} cwt. and 10 cwt. each. i015 
| Virgin Metal 98/99— --165 0 0 | Cold blast, broken, between ut ewt., 
High-Speed Too! Steel. s. d | and 10 cnt. 12 
roken 
Finished bars, 14 percent. Tungsten .. 3 6 Per ton. out, ana 
hed bars, 18 per cent. Tungsten:. 43 Alloy No.IorlI, .. | 1110 0 
Per Ib, delivered buyers’ works, IV., or V. De lk cwt. and 5 ewt., 
IV. or VII = ach 
4d. per Ib Vill, Railway. chairs, whole or broken for 
and squares under in. Cast Strips and Ingots a lumps, not exceeding 2 tons om 
er Ib, 
iste under Lin. by? in, to bin. by, = 940 0 
n., and all sizes over four times be y Me - 32% 
in width and over thickness .. 3d, v. Burnt. broken | ready for cupola 
Packing - No. VIL, Chill, Cast, Solid 
Bare cut to lengt 10% extra Cored Bars ee a Old Metal. 

Serap from Too! Steel— Delivery 2 Cwt. free to any town. } £04. 

Sweet, 98. 10 per cont, Phosphor Copper .. £40 above | 

Per Ib. net, d/d steel-makers’ works. 15 per cent. Phosphor Copper... £50 above (ese usual 

Phosphor Tin (5 per cent.) .. £30 above | Tealead = .. 36 

Ferro-Alloys. New aluminium cuttings 110 0 0 

Metallic- 5, carboniess, 4/-. | 98/99— purity, per 7/6 (Above all djd yard). 

( r | ic | 

Ferro-Phosphorus—20/25 P.£50 0 0, | In cubes, 98/99— purity perton ..£230 0 0 | Metallurgical Coke. 

Ferro-Chrome.—4/6%, car., £46 0 0. Nickel Silver. per lb. | Durham and Northumberland— £ 8. a. 

Ferro-Chrome.—6/8%, car., £11 0 0. | Ingots for raising .. oe Wi- Be | Blast furnace i am - 3 9 

Ferro-Chrome.—8/10%, car., £42 0 0. | Ingots for Spoons and Forks" ee U7-2f- | Foundry .. 310 6 

Ferro-Chrome —Specially refined, basis 60% »» Tolled to spoon size -- 1/10-2/3 | Lanes, Staffs., Yorks, Notts., Derby- 
ehr., max. 2% car., £95 *Tungsten Metal Powder. shire, Lincolnshire and Midland 

at Sheffield Steelworks = 10 Blast furnace és 9 
Mangancse.—80%, £37 loowe, £35 packed. *Molybdenum Metal Foundry .. 8 ¢ 
Export £15, according to destination. Fo. t. at ovens. 
(All per ton.) 96/98— purity, per 


